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AUTHOR'S PREFACE TO FIRST EDITION. 



The following lectures were delivered during the winter of 
1883-4, before an audience composed of practicing physicians. 
It was the endeavor of the author to lay before his hearers (who 
were already familiar with the coarser anatomy of the brain) all 
that had been discovered in regard to its finer structure. It was 
important, too, to present this, so far as possible, as a harmo- 
nious whole. Much tliat was in controversy could barely be 
mentioned, while here and there only one view of a disputed 
question was given, — that view which appeared most likely to 
be correct, either from the author's own investigations or from 
the writings of trustworthy authors. This would be absurd if 
this work pretended to be anything more than an introduction 
into the study of the structure of the central nervous system. 
He, however, who wishes to inform himself still more accurately 
in this direction will find all that he desires in the magnificent 
volume of Wernicke, and particularly in the superb works of 
Meynert and Flechsig. Besides these, we possess in Schwalbe's 
Quain-Hoffmann's hand-book a very clear and comprehensive 
exposition of the anatomy of the brain. The student may also 
consult with great benefit the work of Henle, which is based 
mainly on his own views and investigations. After searching 
these authors, he will find still further sources of knowledge in 
the works of B. Stilling, Kolliker, Gudden, Clarke, and others. 

The author has in his own work (the results of which can- 
not at present be published in exteiiso) followed principally the 
method of investigation introduced by Flechsig, and has thereby 
come to entertain some views which differ from those commonly 
accepted. He has ventured, however, to introduce the results 
of his own investigations into this little monograph only so far 
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iv author's preface to first edition. 

as that could be done without the addition of numerous cuts 
and prolonged explanations, which the Umits of the work would 
not permit. 

Inasmuch as it would be impossible to give even an incom- 
plete list of the authors who have written on this subject, 
{ the writer has almost wholly ignored names. Only in the first 
chapter has he tried to mention those who began the structure 
at which we are still laboring. 

The author, in common with all those who have actuallv 
worked in this difficult field, well knows that very few facts 
are indisputably settled, and that no region of anatomy is more 
subject to change than the olie under consideration. He, 
therefore, himself calls attention to the fact that possibly here 
and there a line or point may be laid down a little too confi- 
dently. This, however, has nowhere been done in the interests 
of didactic clearness alone. 

The Author. 

Frankfort-on-the-Main, May, 1885. 



Foot-note to Author's Original Preface. 

The student who may be anxious to keep himself posted on the 
advances made in the study of cerebral anatomy will do well to consult 
Dr. Edinger's annual reviews of the current literature of the subject in 
Schmidt's Jahrbücher. These reviews have been published fegularly 

öince 1886. 

The Editor. 



AUTHOR'S PREFACE TO SECOND EDITION. 



The work on the central nervous system, which now for 
the second time appears before the pubUc, has undergone many 
changes and been added to in some respects. 

Much that is new has been discovered during the last four 
years. The author has endeavored to embody the most important 
of these discoveries in this book. The chapters on histology 
and histogenesis have been entirely rewritten. At some points 
nothing new has been added, but the old facts have been 
presented in a new form (fornix, cornu ammonis, etc.). 

Continued investigations have led the author to modify his 
views in many respects. In accordance with this, the sections 
on the oculomotor, the acoustic, and the fibres of the deep 
marrow have been entirely rewritten. The discoveries which 
were published shortly before the appearance of this book 
concerning the course of the tracts in the posterior roots per- 
mitted us to adopt a much more simple plan of the structure of 
the spinal cord than was possible in the first edition. 

The wish expressed on many hands that this little work 
should be adapted to the needs of tliose wlio wished to practice 
under its guidance has been complied with, in that the number 
of cuts has been increased and the description of individual 
regions been made more exhaustive. 

A treatise on the comparative anatomy of the nervous 
system, based on personal investigation, has been embodied in 
the work. This addition, which permits us to take a more 
general morphological view of the niacroscopic stiTictures, will 
also serve as a guide to those who wisli to pursue independent 
courses of study in this most important portion of brain anatomy. 

No comprehensive description of the finer brain-structure 
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vi author's preface to second edition. 

in the lower animals can as yet be given ; still, matter bearing 
on this subject will be found scattered here and there throughout 
these pages. 

Even now, when, by reason of unsatisfactory methods of 
investigation, little is known of the brains of the lower animals, 
still, enough has been ascertained to show that a careful study 
of the conditions there prevailing will enable us to penetrate 
farther into the finer structure than when the mammalian brain 
was the principal object of investigation. 

There must be a certain number of anatomical conditions 
which are common to all vertebrates — those which pennit the 
simplest expressions of tlie activity of the central organ. It 
only remains to discover some animal or some stage of develop- 
ment in which this or that mechanism exists in such a simple 
form that it can be easily and clearly comprehended. If we 
have thus once discovered the course of some tract of fibres or 
the arrangement of some group of cells, we can ordinarily recog- 
nize them in situations where the picture is blurred by the 
presence of other structures. 

The search after these fundamental lines in the stnicture 
of the brain is the present task of brain anatomy. Once we 
have accomplished this, it will be easy to understand the com- 
plicated conditions present in the more highly organized brain. 

Edinger. 

Frankfort-on-the-Main, May, 1889. 



AUTHOR'S PREFACE TO ENGLISH EDITION. 



Modern Neurology owes so much to the labors of Ameri- 
can physicians that the author deems it a special honor that his 
book is considered a fit guide for physicians across the ocean in 
their studies of the most difficult branch of anatomy. 

My best thanks are due to the translators, Dr. C. Eugene 
Riggs and Dr. Vittum, for their efforts in bringing the author 
into relation with English-speaking physicians. 

If this book, in its new form, prove an incentive to further 

work, and if it be productive of some good, considerable praise 

is due to the tmnslators. 

Edinger. 

FRAiJKFORT-ON-THE.MAlN, 20 GÄrTNERWEG, 

May, 1890. 
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EDITOR'S PREFACE TO AMERICAN EDITION. 



The great desire to find for my class in the State University 
an authoritative treatise on the structure of the central nervous 
system first suggested to me the translation of Dr. Edinger's 
work. 

I feel, in presenting these twelve lectures to the English- 
speaking profession, that the student and progressive practitioner 
are assured of a reUable guide to a more thorough comprehen- 
sion of this most difficult and intricate subject. Their scope 
and character are best explained by the author in his own 
preface. 

Most fully do I appreciate the cordial indorsement given by 
Dr. Edinger to the American edition. I wish, especially, to 
extend to my friend. Dr. B. Sachs, my sincere thanks for the 
hearty encouragement and the assistance without which this 
work would never have been undertaken ; and gladly do both 
Dr. Vittum and myself acknowledge his valuable aid in over- 
looking translation and proof Thanks are also due to the 
publisher, Mr. F. A. Davis, for his untiring effort to render this 
American edition worthy of the original. 

C. Eugene Riggs. 



505 Dayton Avenue, St. Paul, 
August 1, 1800. 
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LECTURE L 

A REVIEW OF THE HISTORY AND METHODS OF INVESTIGATING THE 

CENTRAL NERVOUS SYSTEM. 

GentleMj^n : The anatomy of the central nervous system, 
with the main features of which these lectures are to make vou 
familiar, has engaged the serious attention of numerous investi- 
gators since the renaissance of anatomical science. 

Vesalius, Eustachio, Aranzio, Varolio, and FaUopia laid the 
foundations upon which it was possible to build in a later age. 
As early as the seventeenth century several good-sized mono- 
graphs appeared, which, considering the methods of investigation 
then pursued, may be regarded as exhaustive. Such are the 
books of Th. Willis, of Raim, and of Vieussens. And yet at 
this time WilHs could describe such structures as the corpus 
striatum, the anterior commissure, the pyramids, and the olivary 
bodies as new. Important contributions to the anatomy of the 
brain were made by F. D. Sylvius, J. J. Wepfer, and Van Leu- 
wenhoeck. It was the latter, indeed, who first instituted micro- 
scopic examination of the brain. Toward the end of the last 
century v. Malacarne, in Italy ; S. Th. von Sömmering, in Ger- 
many; and Vicq d'Azyr and Rolando, in France, materially 
increased our knowledge of the brain. 

At the beginning of the present century hardly anything 
of importance remained to be added to the description of the 
coarser structure of the nervous system. Nevertheless, hardly 
any advance had been made in what we to-day regard as the 
most important part of our knowledge of brain anatomy ; that 
is, the minute connections of the different parts of the brain 
and the course of nerve-tracts. Even comparative anatomy, the 
study of which was taken up during the first part of this 
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century, added nothing to this Itnowlodge. Whatever it was 
possible to discover by the coarec^, macroscopic methods of in- 
vestigation was discovered by Roil, (jail and Spnrzheim, F. 
Arnold, C B. Reichert, Foville, Burdacli, and others. 

Reil, in jmrticular, who first brought into general use the 
process of artificially hardening the brain, discovered a number 
of anatomical facts, which were the result of closest observation. 
As his most important discoveries must be i-eckoncd the armuge- 
ment of the corona radiata, the nerve-tracts of the cms cerebri, 
whose relation to the fibres of the corpus callosura, which pass 
transversely tlirough it, he was the first to recognize. The 
lemniscus and its origin in the corpom quadrigemina, the len- 
ticular nucleus, the island, and many other parts were first 
made known through his investigations. As a landmark at the 
end of this older period, we may regard Burdach's work on 
"Tile Structure and Life of the Brain," wbich appeared m 1819 
and contained all that had been discovered up to that time, be- 
sides adding mucli new material. 

Up to about the middle of this century tlie most prominent 
methods of investigation were anatomical dissection with the 
knife and teasing out fibres from hardened specimens of brain 
with forceps. By the latter method Ghill, Burdacb, Reil, F. 
Arnold, and Foville discovered much-tliat was new. To Tiede- 
mann and Reichert is due the chief credit of introducing the 
study of embryology, from which we have "learned much con- 
cerning general morphological conditions. 

But after Ehrenberg (1833) proved that "the organ of 
mind " consisted of innumerable microscopic " tubules ;" after 
Ilemak (1838) had given a move accurate description of the 
ganglion-cells, and Hannover (1840) had ebown their connec- 
tion with the nerve-fibres, it was plain that a simple process of 
teasing could never give the desired insight into the sti'ucture 
and an'angement of the central nervous system. To B. Stilling 
is due the gx'eat credit of originating and bringing into use a 
new method, viz., the preparation of thin sections, or, rather, of 
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whole series of sections, which are made in different but in definite 
directions through the organ to be examined.* 

The sections so prepared were carefully examined through- 
out, the pictures they presented combined, and thus the structure 
and arrangement of the central nervous system were determined. 
By means of this method and the studies which he instituted by 
its use. Stilling laid the foundation of the modem anatomy of 
the spinal cord, the oblongata, the pons, and the cerebellum. 
On the 25th of January, 1842, Stilling froze a piece of spinal 
cord at a temperature of 13° R,, and then, with a scalpel, made 
a moderately thin cross-section. "When I placed this under 
the microscope," he writes, "and, with a power of 15 diam., 
saw the beautiful transverse striations (central nerve-tracts), I 
had found a key which would reveal the mysteries of the wonder- 
ful structure of the spinal cord. Not more joyfully did Archi- 
medes cry out, ' Eureka !' than I, at the first sight of these fibres." 

Stilling's method is the one now most used in investigations 
of the central nervous system. It is rendered veiy much easier 
by the splendid hardening which these organs undergo in dilute 
chromic acid, or in a solution of chromic salts, — ^a discovery of 
HannoVer and Eckhardt. 

The sections are made " free-hand," with a razor, or, better, 
with a microtome, which cuts much more exactly and enables 
us to make larger and more even sections. Welcker, Rivet, 
Weigert, Thoma, 'Gudden, Schiefl'erdecker, and others have 
been of service in constructing microtomes adapted to the 
purpose. ' We can now divide an entire human brain into an 
unbroken series of sections, less than -^-^ millimetre in thickness. 

These sections may be examined unstained. All that 
Stilling discovered was found in such unstained sections. It is 
better, however, to use staining fluids. 

To Gerlach is due the credit of first calling attention (1858) 
to the advantages, to be derived from staining the sections in 

*Thin Sections of the central nervous system had been made before Stilling's time (e.g.^ 
B. Rolando, 1824), but the reconstruction of the organ by the combination of extended series of 
aectious was first done by Stilling. 
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carmine. As time passed on, many new staining methods were 
devised, paiticulaily with aniline colors (nigrosine, etc.). 

But it is only very recently (1883) tliat we have learned 
from Golgi a metliod which brings out ganglion-ceUs more dis- 
tinctly titan the old one of Gerlach. This method rests on the 
production of a deposit of silver salts in the cells and tlieir 
processes. The course of the fibres in the central nervous 
system is not made much more distinct by staining with car- 
mine. It is possible, however, by a method of staining with 
hematoxylin introduced by Weigert (1884), to color even the 
finest nerve-fibril a deep blue-black, and so, malting use of 
Stirling's method, it is easy to trace the course of the fibres 
much farther than was formerly possible. 

The stained SL'ctious are, in accordance with the special 
instructions of Clarke (1851), dehydrated by placing them in 
alcohol, and then cleared up in some ethereal oil or xylol. 
But unstained sections also reveal the course of tlie fibres if 
cleared up in xylol, as was done by Ilenle and Merkel. This, 
however, does not always succeed. Beautiful pictures may be 
obtained by using the gold staining methods (Gerlach, Flechsig, 
Freud, and many others). Also, by staining the nerve-fibres 
with osmic acid (Exner). 

Stilling's method has been followed by most of the investi- 
gators of the latter half of this century. At the close of each 
lecture I will give you the names of those to whom we are in- 
debted for the most important part of our Itnowledge of that 
portion of the hraiu which is imder consideration at' the time. 
But even now you must be made famihar with the names of 
two men. Stilling and Meynert, to whom we are under the 
greatest obligations, because to them we owe our knowledge of 
the finer structure of the brain and spinal cord, and all the later 
investigators start out from points which have been settled by 
them. 

Benedict Stilling laid the foundations of our knowledge of 
the anatomy of the pons, the cerebellum, the medulla oblongata. 
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and the spinal cord, in a scries of masterly works, showing an 
industry never surpassed, and which will surely remain forever a 
monumentum cere perenuius of the great physician of Cassel. 

Meynert, however, not only examined carefully and system- 
atically every region of the brain and spinal cord, both by 
sections and by teasing, but by these means he made more new 
discoveries than had been made by any previous investigator 
with the exception of Stilling. He not only did these things, 
but, with the inspiration of true genius, he set up a theory of 
the structure of the brain, based on its finer anatomy, which 
still exerts an influence on the anatomy and psychology of 
to-day, and spurs us on to further discoveries. 

It follows, from the very nature of Stilling's method, that the 
course of a nerve-tract can only be traced with certainty so long 
as the component fibres are not interrupted by ganglion-cells, 
do not pass out of the plane of the section, do not enter a 
plexus of fibres, or split up into innumerable fibrils to be dis- 
distributed in every direction. Even in the spinal cord of the 
smallest animal it rarely occurs that a nerve-fibre can be observed 
running its whole course in the plane of one section. It is, on 
the contrary, the rule of the central nervous system that the 
nerve-tracts from periphery to centre are broken up by interpo- 
lated ganglion-cells, and rendered difficult to follow by the 
frequent interchange of fibres. 

Efforts were made, therefore, particularly after we had 
begun to leam something in this difficult field from the works 
of Stilling, to devise further methods which would enable us to 
discover and locate the nerve-tracts. It is known that Waller, 
in 1852, showed that divided nerves degenerate in definite 
directions. Before this (1850), Turk had found that a break in 
the conductivity of the spinal cord led to degenerations which 
spread upward in different columns from those affected by the 
descending degenerations. By his labors, and those of Bou- 
chard, Flechsig, Charcot, Monakow, and many others, it was 
asceilained that perfectly definite sets of fibres always occupy 
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both the brain and spinal cord ; 



tlie same relative position in both the brani an' 
that these fibres, when dügenorated, are easily distinguished i 
from the surrounding healthy tissues, and so can readily be 
followed up along their whole course. The study of tliis sec- 
onditvy degeneration has been of value in the field in wliich we ; 
are now laboring. It promises still riclier harvests in the future. 

The tract of fibres along wliich such a degeneration com- 
monly spreads is called a system of fibres. A number of dis- 
eases of tiie spinal cord, either at their begmnhig or throughout 
their whole course, involve only certain systems of fibres; for 
instance, the posterior columns of the cord. Such diseases are 
called systemic diseases. The investigation of such systemic 
diseases may also be of service in increasing our knowledge of 
the (jourse of fibres (Plechsig, Westphal, Strümpell). By the 
accurate study of pathological changes Cliarcot and His pupils, 
especially Pitres, Fere, Ballet, Brissaud, and others have done 
fruitful work in the domain of brain anatomy. 

Occasionally structural abnormalities malie it easier to 
recognize one or another of the nerve-tracts than is the case 
in the normal brain. Tims Onufrowics and Kaufmann bad the 
opportunity to examine cases of defective corpus callosura in 
wliicb, owing to the absen,ce of fibres of the latter, other bundles 
of fibres appeared with a distinctness never before seen. 

' It was a natural advance upon the study of these degenera- i 
tions to perform section of definite parts of nerve-roots or of 
the spinal cord, for the purpose of studying the resulting 
artificial secondaiy degenemtions, and thus pressing farther 
into tlie structure of the organs. Thus, for example, the sec- 
tion experiments of SchiefFerdccker and Singer very materially 
increased our knowledge of the course of the roots of the spinal 
nerves. 

If either peripheral or central nerve-substance is removed ^ 
from newborn animals, the fibres connected with the part re- , 
moved cease to develop and are graduiilly destroyed, appar- 
ently because the development of the medullary sheath is 
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stopped. In 1870 Gudden made use of this fact, and proposed 
a new method of investigation, which promises well for the 
future. For example, after the extirpation of an eye he followed 
up the resulting atrophies in the brain with sections, etc., and 
found the proximal central ending of the optic nerve. On 
whatever part of the brain he experimented and afterward 
examined by sections, he brought to light new and important 
facts. Besides Gudden, we owe much to Mayser, Ganser, Forel, 
Monakow, and Löwenthal for important knowledge gained by 
this method concerning the course of fibres in the spinal cord, 
the method of orif^in of different cranial nerves, the course of 
the lemniscus in the brain, and much more besides.. 

Occasionally cases present themselves where nature has 
performed Gudden's experiment on human beings ; thus, I was 
once able to examine the atrophic nerve-tracts caused by the 
intra-uterine amputation of an arm, and to trace them high up 
into the spinal cord. At another time I had an opportunity to 
examine the nervous system of a child who l:ad suffered an 
extensive softening of the cortex of the parietal lobe, either 
before or just after birth. The crossed pyramidal tract in the 
spinal cord was entirely wanting. If division of the peripheral 
nerves occur later in life, as in amputations, the central changes 
are not so marked that we can trace out the course of nerve- 
tracts in the spinal cord or brain. Friedlander and Krause, 
however, have cleared up the structure of the spinal nerve-roots 
and of the spinal ganglia by the study of these " amputation 
(spinal) cords." 

Our knowledge of the course of fibres has advanced con- 
siderably by means of the study of secondary atrophies and 
degenerations. Still greater advances have been made, however, 
by a method based upon the study of the development of the 
medullary sheath. . 

P. Flechsig deserves the credit of introducing this method 
of investigation, which to-day appears to me to be the most 
promising of all methods in use. 



8 LEOT0RES ON THE CENTRAL NERVOUS SYSTEM. 

In a sovies of communications (1872-1881) and later, in a 
larger woilc on " Tlie C'ourse of Nerve-tracts in the Biain and 
Spinal Cord" (1876), he lias shown that the various tracts of 
fibres which look so much alike on all sections of the adult 
brain are markedly differentiated during the embryonic period. 




TliQ Hbres of tl 



FlS, 1. 

ihnwnl.vtMHnclli 
(Alter Ueule.) 



1 spfiolmcn wltli Toreeps. 



by the fact that they acquire their medullary sheaths at different 
times. Whole "systems" in the cross-section of tlic spinal cord 
are still clear and tmnsparent at a time ivhen otliers are white 
Jind contiiin medullaiy substance. Tlio following up of these 
■white portions, in both cross and longitudinal sections, is very 
much easier, and gives Aery much more certain results tlian 
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tiaciug out a fasciculus of nei^ve-fibres in the fully-developed 
organ. In order to give you an idea of the peculiarities of tlio 
methods just mentioned, I will first show you a specimen which 
was obtained by teasing, and which sliows the course of the fibres 
making up the corpus callosum (Fig. 1). The accompunying 
cut (Fig. 2) is made from a frontal section through the ccrebnim 
of a 9 months' still-born ftctus. In the adult the wliole field 
shown liere is filled with fibres, which, crossing and aiiastomos- 




Froiital leotfon tlirougli the »oatertor pi)rtlon of the (iMure of SvlTlus of the brain 
ot HU iiioiitlis' stlll-liniii c'-.W u TUc lueilulluty Itlaea or» tbowu black, lu reality they 
apiiear white upou a gray back-grouiicl. 

ing witli each other, cannot be traced up. In the case of our 
foetus, howe\er, of all the \'arious fibres of the cerebrum, only 
one bundle, the one called the tegmental tract, contains medul- 
lary matter, Nowliere in the cerebmm, except at this pohit, 
can we find meduUated fibres. Hence, it was easy for Flechsig 
to discover and partly trace out the course of the fasciculus 
tegmenti as a distinct bundle among all tlie many little-known 
nerve-tracts of the brain. 
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The third figure shows you a cross-scctiou tiii'ongli the cer- 
vical region of a spinal cord taken from a man who lost his left 
arm hefore hirth. You bog that the gray and white substances, 
particularly the former, are markedly atrophic on the left side, A 
more careful examination of the extent of this atrophy gave a clue 
to the location of the centml termination of the divided nerves. 
Our understanding of the general moiphology of the cen- 
tral nervous system has been advanced hy notliing more than 
by comparative anatomy and emhryology. Questions of great 
importance have been solved on tlie bmins of iishes and am- 
phibians. Leuret and Gratiolet, Mcyucrt, Gotische, Fritsch, 
Miclucho-Maclay, Rahl-Iliick- 
liard, Rohon, Wiederslieim, 
Guklherg, Spitzka, and many 
others have rendered sernce 
in the field of comparati^'e 
anatomy. What we know of 
the embryological development • 
of the organs we are now study- 
ing we owe to KoUiker, His, 
Tiedemann, Reichert, von Mihal- 
kovics, Gotte, Dursy, and Löwe. 
. The results of comparative anatomy liave not been so great 
as might have been expected so far as marldug out the course 
of nerve-fibres is concerned. 

Unlike the outer configuration of the brain, the finer struc- 
ture has awakened little interest; although the latter maybe 
said to be the kernel of the matter, while the former is hut the 
outside shell. It may be that this was largely due to the un- 
satisfactory nature of the methods of study available at the 
time. Only a few — among whom Stieda, Mayser, Fritsch, 
Osborn, Bellonci, and Ahlbora may he mentioned hei-o — suc- 
ceeded in distinguishing a few tracts and marking out a few 
-ganglia and the origin of a few nerves among tlie complicated 
net-work of nerve-fibves which is present even in the lowest vej- 
tebrate. For, simple and easily understood as the outer config- 




'oiifrh the DerrlonJ cnrd of a 
ilrt. Willi siiffiTcd an tiiti»- 
ition of the iBft forearm. 



HISTORY AND METHODS OF INVESTIGATING. 11 

uration often is in the lower vertebrates, yet the inner structure, 
particularly of those regions of the brain lying caudad of the 
optic lobes, is often not less complicated than is the case in 
mammals. The cells and fasciculi of fibres which are necessary 
for the accom]^5lishment of the simplest motor, sensory, or psychic 
•function must everywhere be the same, and even in the larvae of 
the cyclostomata they are no longer perfectly simple and easily 
comprehended. I have, therefore, endeavored, in order to come 
nearer to a solution of the questions before us, to unite the 
method of comparative anatomy with that of studying the de- 
velopment of the medullary sheath. We can now stain and 
trace out each individual medullary sheath. In fact, it was by 
the method of comparative embryology that we succeeded in 
discovering the desired primitive conditions in the embryos of 
the lower animals, and were able to distinguish a number of 
nerve-tracts which are common to all vertebrates. 

You see, gentlemen, the goal can be reached in many ways. 
In the case of e^ery new question proposed, we must ask our- 
selves which method is the best to use, and, above all, where 
we may expect to find the simplest conditions. Seldom will an 
examination of the adult human organ attain the object in view. 
More often we shall be compelled in some way to bring about 
by artificial means a less complicated state of afiiiirs. 

From time to time it has been^ attempted to embrace all 
that was known in regard to the finer structure of the central 
nervous system in a diagrammatic representation. The oldest 
diagrammatic representation of the fibres of the brain with 
which I am acquainted is to be found in Des Cartes' " Tracta- 
tus de Homine," which appeared in 1662. Of the newer works 
belonging to this category are the diagrams of the spinal cord 
by KöUiker, Ludwig, Bidder and Leydig, and the celebrated 
diagram of B. Stilling. The. plates of Meynert embrace a 
larger field (from the spinal cord to the corpora quadrigemina), 
and those of Aeby, Flechsig, and Jelgersma (the whole central 
nervous system). 

In the following lectures, gentlemen, you will regard 
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desci'iptions aiid drawings as somewhat diagramatic. They 
only serve the purpose of bringing to your attention, in the most 
comprehensive manner possible, tiie most important facts in 
regard to the course of fi!»res in tlie central nervous system. 
Much, is still in dispute, but dimly marked out, with many 
details wanting. Wherever it was practicable I have given not 
only those facte which were discovered in a purely anatomical 
way, but also those tracts which liave been determined by well- 
observed pathological facts. A diagram is not always a picture 
of the demonstrated course of fibres; it is orten enough only a 
gmphic representation of the conclusions which have been drawn 
from great numbers of observations. 

A diagram is a changing structure. It must be improved, 
now here, now there. Certain parts often need to be torn down 
and rebuilt. It has been contended that we ought not to make 
use of diagrams in a suliject so full of gaps as is our knowledge of 
the structure of the centml nervous system. Let us rather hold, 
with old Burdach, who wrote in 1819, " The gathering together 
material for the building is not all that is necessary. Every 
time that a new supply is obtaiued, we sliould renew our 
attempts to fit it into the building. By thus giving it a form 
the spirit of investigation is not liami>cred in its advance; on 
the' contrary, it is when we first obtain a view of the ivliole that 
we see the gaps in our knowledge and learn the direction wliich 
our investigations must take in the I'uture. May the attempts 
at this structure ever he renewed. No one who works at it but 
adds something to our knowledge." 

[Among recent treatises on the anatomy of the nervous 

system are the following: — 

Kölliker, Hniiilbuch d. mikroBk. Annt. Leipzig. 1854.— Mcyn ort, Vom 
Gdiirnii der SaugulUiere, Strldccr's Handb. A. Lelire toji den Geweben, 18T0. — 
Weyuert. Psychiatrie, I. Wien. 18B4.— Henle, Handbncb d. Analomie d. NeiTen- 
sjsleuiB. Bniuiischweig, ISTU — Lnys, Bticlierciies sur Ic Systeme nerveux cure- 
lircwpinal. Paris, ISK — W. KroiiBf?, Hnndbucii d. menBClil. Annlomie. I Bd.. ' 
HiinnoTer, 1873.— 'Weruicke. Leiirb. d, öelurakrunkh, I. Cassel, 18S1.— Sebwslbo, 
I^elirb. d. Nourolngie. Eriaiigen, 1881. (CnntainB most nT tlio literature up to 
lBei,).~HuEuenin, AUg. Pathol, d. Kmnkh. (1. NervensystemB, I. Zurich, 1873.— 
Kiiblcr, Ncrvensyslom in ToldB. Gewebelehre, 2 Aufl., 1888 — Obereleiner, Anlei- 
luug beim Studium dee Baues der nerv. Centmlorg. Wien. 1888— Mendel, 
Anikel " Geliirii " iu Eulenburg's Beoleocyklopädie, 3 Aufl. Wiea, 18S6.J 



LEcrruEE n. 

EMBRYOLOGT AND COMPARATIVE ANATOSTT OP THE BRAIN. 

Gentlemen; The hollow medullary tube of the vertebrate 
embryo presents at a very early stage three vesicular enlarge- 
ments at that end which later on develops into the brain. These 
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le Ikim oI the brain, and 1» tlie nrst rudiment of a portion of t 
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are the (primitive) fore-bmin, mid-brain, and hiud-brain. The 
latter is soon divided into two parts by the cerebellum growing 
out of the anterior portion of its roof. These two divisions 
eventually become the cerebellum and the medulla oblongata 
(afler-brain). 

The wall which closes the primary fore-brain in front is 
called the "embryonic terminal lamina." Fi-om this there are 

(13) 
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developed at an early stage, in almost all vertobmtes, two smaller 
vesicles, — the hemispheres or tlie seßondarj' fore-bi«in. These, 
ivhich at first are small, insignificant atrnctnres, soon grow to 
relatively enormous proportions in mammals, and, Lending back- 
ward, cover most of the other brain-vesicles. At last they lie, 
cap-like, over the inter-bmin (thalamus), the mid-brain (corpora j J 
quadrigemiiia), and the hind-brain (cerebellum and pons). Of 
course, in spite of this bending backward of the anterior vesicle, 
all the cavities (which are the ventricles of the adult brain) stQl 
communicate with one another. Alte.r the development of the 
secondary fore-brain, the primaty fore-brain is called the inter- 
brain. Tlie roof of 
this iuter-brain remains 
throughout life as a 
simple layer of epithe- 
lium. At the point of 
confluence with tlie fore- 
brain numerous l)lood- 
vessels are developed 
downward from the cra- 
nial cavity, which push 
tliis epithelial layer on 

before them. Tliis mass 

of bIood-^'Gssels covered 
with epithelium, which thus projects into tlie cavity of the brain, 
is called the choroid plexus. Inasmuch as the hemispheres have 
been developed from the hiter-brain, their inner border must 
be continuous with this plexus. 

In the frontal section of an early liuman cmbrj'o, shown in 
Fig. 6, this is jdaiuly to be seen. In tliis cut, too, you can see 
the ca^'ity of tbe undivided primary fore-brain, as the ventriculus 
medius, while the cavities of the hemisplieres are marked as 
veutricnli laterales. The choroid plexus sends processes into 
the lateral ventricles, which are called the lateral choroid 
plexuses. The point where the ivall of tbe hemisphere merges 
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into tlip simple layer of epithelium is called the margin of the 
hemispliere. Tliis margin is, at a later ^xriod, clearly marked 
throughout its entire length by a bundle of white fibres, — the 
foniix. 

After the most important portions of the human cerebrum 
have begiin to develop, it 
lias the appearance repre- 
sented in tiie accompany- 
ing Fig, 7. It has grown 
out backward and bent 
downivard. At tlie point 
where t!ie corpus striatum 
(wliich will bo mentioned 
later) is situated mter- 
nally, the outer wall haa 
not expanded sO rapidly as 
in the other regions of the 
hemispheres ; so that there 
has developed or, rather 
remained a depression, — 
the fissure or fossa of 
Syh'ius. There can no\v 
be easily distinguished an 
anterior or fi'ontal lobe, a 
posterior or occipital lobe, 
and between the two a 
parietal lobe. That part 
of the hemisphere whicli 
lies below the fissure of 
Sylvius is called the temporal lohe. Internally the hemispheres 
are hollow, and naturally their cavities conform to the general 
shape of the brain. Tiiat part of the ventricle which Ues in the 
frontal lobe is called the anterior horn, that which lies in the 
occipital lobe the \iosterior horn, and tiiat which lies in tlie teni- 
poml lobe the inferior horn. At this stage of development the 
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median wall of the hemispheres demands our especial attention. I 
That this wail along its ventral border is evei*ywhere coutinuom 
with the epithelinm of the choroid plexus has already be* 
shown. This condition is not clianged when it is canied down*! 
ward along with tlie curving temporal lohe. From t!ie base of J 
the emlnTonic terminal lamina to the tip of the temporal lobi 
this border passes in a curve, marking the location of the fornix, 
In the anterior portion of the htain; somewhat dorsad of titöj 
fornix, tlie fibres of the corpus callosum are developed, evidently« 
from a portion of the embryonic lamina tcrmhialis. They j 
across from one hemisphere to the other in a. line wliich forms aa^ 
acute angle with the fornix. The substance between tlie two^a 
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which, of course, consists of the two thin layers of the priman 
division-wall between the hemispheres, is the septum peUtifiduii 
These are important points, which I beg you to study careful 
in the accomjianying figures. 

In the section showm in Fig. 9 you will observe an anaj 
tomical structure not before mentioned. On the floor of tli 
cerebrum lies a thickening of the same, which projects, free, iafl 
the ventricle, — the corpus striatum. That layer of the brain 
wall which later, as cortex, gives rise to the fibres of the cew 
brum, has already begun to appear. Yon see that an analogous 
layer is present in tlie corpus striatum. In fact, in the adiil 
animal nerve-fibres originate tliere just as in the cortex. 
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Many fibres which originate in the cerebrum and pass into 
the more deeply situated portions of the nervous system must, 
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in order to reach their destination, pass directly through the 
corpus striatum. This structure is, therefore, divided into two 
portions, an inner and outer, by the mass of passing fibres. 
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The outer portion is called the nucleus lentiformis, and the inner 
tlie nucleus caudatus. Tlie mass of fibres between them has 
received the name of internal capsule. This division of the 
corpus striatum is plainly to be seen in an embryo of four 
months, but its connection with the cortex of the hemisphere 
has already disapjwared, and tlie nucleus lentiformis and niicleus 
caudatus appear as independent gmy bodies, (See Fig. 9.) 

Tlie corpus striatum lies along the whole floor of the 
hemispheres. At its caudal end, however, it is veiy narrow, 
and only the inner portion is demonstrable at all points. This 
appears in all the cross-sections of the cerebrum as the tail of 
■ the nucleus caudatus. The outer portion, the nucleus lenti- 
formis, is much shorter. As you see, the nucleus caudatus pro- 
jects free and clear into the ventiicle. The nucleus lentiformis 
also does at first. In later embryonic life, however, the narrow 
fissure between it and the hemisphere-wall becomes so small that 
it is no longer demonstrable. But we can always, even in adult 
life, separate the liemisphere-walls from the outer surface of the 
nucleus lentiformis without tearing any fibres. In the adult 
brain the situation of the former fissure is of importance, for < 
here cerebral htemorrliages easily occur, and the mass of eflused 
blood, if it be not too great, fills up the space between the 
hemisphere-wall and the outer division of the lenticular nucleus. 
The peripheml nerves appear very early. According to 
the extremely important discoveries of His, there are two methods 
of origin for the two kinds of fibres. All motor fibres arise as 
axis-cylinder processes from cells situated in the ventral portion 
of the meduUaiy tube. Each cell sends out a fibre which passes ' 
to the surface, and there unites witli neighboring fibrils, to form 
a ventral nerve-root. The sensory fibres, which, as a rule, 
emanate from the dorsal region, have an entirely different origin. 
They arise not in the central organ, but outside of it, in the \ 
ganglia which lie opposite it along its whole coui"se. The cells J 
of these ganglia (spinal ganglia and ganglia of the cranial 
ner^'cs) send out fibres in two opposite directions. One of these 
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fibres passes to the central organ ; the other gi^ows toward the 
periphery as a sensory nerve. 

The ganglia which are called upon to play so important 
a part in the peiiplieral nervous system first appear in the form 
of a groove, the sides of which, later, close so as to form a ridge 
(ganglionic ridge). This ridge lies on both sides of the central 
organ, and at a very early period becomes separated into the 
individual ganglia. From jt, opposite the secondary fore-brain, 
is develojied the olfactoi-y fossa; 
opposite the inter-, mid-, and hind- 
brains, the complex of the trigem- 
inus gangha ; opposite the after- 
bran we see the ganglia of the 
acustico-Jacialis, of the glosso- 
pharyngens and of the vagus, 
developed from this ganglionic 
ridge. The auditory fossa, which 
lies between them, apparently 
oiiginates in this ridge. (His, 
oppos. Beard.) Further caudad, 
the spinal ganglia replace the 
above-named ganglia of the cra- 
nial nerves, along the sides of the 
spinal cord. The roots of all 
the above-mentioned sensoiy ci"a- 
nial nerves and of the posteiior 

roots of the spinal cord issue, therefore, from the gangha and 
grow into the central organ. In the spinal coi'd there is a cor- 
responding dorsal sensory root for each ventral motor root. In 
the brain, however, this is not the case. The distribution of 
the motor nuclei does not correspond closely to the divisions of 
the complex of ganglia. The ganglionic ridge has a greater 
number of segments, and several motor nuclei are equivalent to 
a single complex of ganglia. These are the main points in the 
development of the human brain. 
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It is, however, of no small interest to examine the maimer 
in which the development of the brain takes place in animals, 
proceeding from tlie lowest to the highest vertebrates. The 
limits set to these lectures will not permit us to enter the some- 
. times very important details of the course of fibres and the finer 
structure. You will, perhaps, most easily get an idea of the 
difference in armngement, and see how now this and now that 
poi'tiou of the brain is most prominently developed, if you will 
examine thefigux-es, 11-17. These figures represent, in a slightly 
diagrammatic form, sagittal sections through the brains of the 
yarious vertebrate classes. If you will first make yourselves 




familiar with the general diagram of a vertebrate brain (Fig. 11) 
you will easily imderstand the other figures. You here see that 
the primary fore-brain gives origin to the secondaiy fore-brain 
(hemispheres), by a bulging out of tlie lateiul portions of the 
embrj'ouic terminal lamina. You see how it protnidea veutrad 
into the infundibulum, and how its dorsal wall (dri^'en inward 
by blood-vessels) forms the clioroid plexus. 

Farther back the roof is elongated into two sacs, of which 
the anterior is called the cushion of the epiphysis, and the pos- 
terior the epiphyseal tube. We recognize next the roof of the 
mid-brain (the coi-pus opticum or coi-pora quadrigemina), and 
adjoining this the involuted layer of the cerebellum. This 
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passes caudad in a thin lamella, the velum medulläre posticum, 
to the dorsal region of the spinal cord. The lateral portion 
of the inter-brain, the thalamus, is not visible in the plane of 
Fig. 11. Secondary fore-brains developed from the primary 
fore-bmin vesicle are not found in all animals. In the ray the 
anterior wall of this vesicle simply becomes enormously thick- 
ened, until it ia a large structure which also contains the corpus 
striatum (Fig. 12). But iu many sharks we can see little swell- 
ings on each side in front of this mass, the first rudiments of the 
hemispheres. The fore-brain of bony fishes contains a large corpus 
striatum, but the dorsal portion of this vesicle, the pallium, lias 
not advanced beyond the embryonic state of a simple layer of 




epithelium. From the fish up to the human being, the corpus 
striatum does not materially change its position or its relative 
size. 

Iu the same region we find the same aggregation of gan- 
glion-cells. In every case there arises from these cells a bundle 
of fibres which passes backward and terminates partly in the inter- 
brain, and in part passes farther back into the oblongata (basal 
fore-brain bundle). The pallium, however, must pass through 
many stages of development before there is evolved from the 
simple epithelial layer which we have just seen in fishes that 
massive structure which, in human beings, we call the hemi- 
sphere. 
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Even in tlie case of the amphibians, where two large, flat 
hemiaplieres, of an oval shape, spring from tlie primary fore- 
brain vesicle, their wall, composed of an outer layer of glia and 
an inner granular layer, contains only few and irregularly-dis- 
, tributed ganglion-cells. In reptiles we first meet with a deposit 
I of pyramidal cells, disposed in several layers and coverhig most 
of the suriace, — a true brain-cortex. 




This is most extensively de^'eloped in the median wall, and 
there are grounds for believing that this, the lowest cortical 
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formation, is the representative of thecornu ammonis in mammals 
(origin of the fornix, etc.). From this point on, the development 
of the fore-brain takes place in two different ways. In birds the 
corpus striatum attains a relative size and complexity found in 
no otlier class of animals, while the formation of cortex does 
not much increase. In mammals, however, the pallium, with 
its cortical layer, becomes a large structure, which causes the 
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corpus striatum to disappear in its depths, and, growing; back- 
ward, envelops tlie more posteriorly situated inter- and mid- 
brains (iu the human being the cerebellum as well). 




Bratn of replile. Diugiani of a. s^itul section. 

^Thc cortical layer whicli covers the pallium at almost all 
points must, on account of its great expanse, lie in numerous folds. 
These are absent only in the lowest mammals (lissencephalous 
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mammals). In all others they are present in more or leas 
abundance (gyrencephalous mammals). Tlie arrangement of 
these folds, which is constant for the separate classes of animals, 
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depends on two Jactois, — the extent of the cortical layer which 
the particular class has acquired during the process of evolu- 
tion, and the capacity of the skull. 

This does not always keep even pace with the growth of 
the brain, inasmuch as it depends on other factors. The wliole 
pallium of mammals not only grows backward, but it curves 
and swells downward as well (not visible in figure). 

That portion of the hemisphere lying farthest forward, the 
frontal lobe, only comes into special prominence in the higlier 
mammals, particularly man (Meyncrt). From this extensive 
cortical layer of the mammalian pallium arise a great mass of 
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fibres, — the corona radiata. These pass out of the hemisphere to 
terminate in the inter-brain, the hind-brain, tlie after-brain, and 
the spinal cord. Other large bundles jmss tlirongh tlie hemi- 
spheres, connecting their different regions with one another. All 
these taken together form a great dei>osit of mednllaiy matter 
under the cortex. The extent of this is relatively largest in 
human beings. In lower mammals it is only small. Tn the 
mouse, for example, it is insignificant. Besides this, there is 
developed in the corte.x of all animals a thick net-work of medul- 
laiy fibres, which serves to connect all parts with each other. 
In all vertebrates, from the cyclostomata up to human beings. 
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there springs from the base of the fore-brain, on each side, a process 
whose cavity at firet communicates with the cavity of the ven- 
tricles. These are the olfactoiy lobes. They are alwajs cov- 
ered with a cortex of peculiar structure, from wbicii the uon- 
meduUary fibres of the olfactory nerves arise in many bundles. 
In the case of only a few animals (the cyclostomata, for example), 
a single olfactory nerve springs from each olfactory lobe, and, 
passing to the organ of smell, is divided into many branches. 
In mammals the anterior portion of the lobes becomes separated 
from tlie rest of the brain, and is known as the olfactory bulb. 
This is connected with tlie lohe proper by a long, slender process 
containing both cells and fihi-es, — the olfactory tract. In many 
mammals, and particularly in human beings, the olfactoi-y lobe 
becomes atrophic, and little more is visible on the under surface 
of tlie brain tlian the olfactory bulb and tract. 

The inter-brain is in all aniraiils an elongated body, whose 
lateral walls contain, in tlie case of the lower vertebrates, two, 
and in higher several " thalamic ganglia." The walls thickened 
by these ganglia reduce the third '^'entricle, which lies between 
them, to the dimensions of a naiTow slit. In the bony fishes 
the mid-brain grows to such a degi-ce that it completely covers 
up and hides tlie inter-brain. The base of the inter-brain 
bulges out to form the infundibulum, ivliich is a large process 
in the lower vertebrates, and which does not always become 
fused with the hypophysis, which grows toward it from the 
pharyngeal epithelium through the base oi' the skull. In many 
fishes, particularly the selacians, numerous blood-vessels grow 
into the infundibulum, and, pushing the epithelium before them, 
form the "saccus vascnlosus," — apparently a secreting organ. 
The roof of the inter-brain is formed anteriorly of the choroid 
plexus. Farther back it becomes elongated into a tube, which 
is directed forward, — the tube of the epiphysis. In some sela- 
cians, and in many reptiles, this passes through an o^xining in 
the skull to an organ of special sense, which strikingly resem- 
bles an eye. We can recognize a cornea and a lens, a retiua 
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and a pigmentary layer lying in und under the latter, in this 
"parietal organ." We owe its discovery to Graaf and Spencer. 
In the other vertebrates we detect no relation between the epi- 
physeal tube and the organ of special sense in the adult animal. 
The tube has disappeared in the depths of the skull, and the 
parietal eye, as is shown by transitional forms in amphibians : 
aud reptiles, is so completely lost that no trace of it can be i 
found in birds or mammals. The blunt, knotted end of the 
tube remains as a nodule, the " pineal gland," hi front of the 
mid-brain. One of the thalamic ganglia, the giinghon hnben- 
ulee, demonstrable in all animals, is united with its fellow of the 
opposite side by a commissure. This commissura thalami dorsalis 
forms a part of the roof of the inter-brain in front of the 
epiphysis. ' 

In all animals the optic tract, lying on the outside of the 
inter-Brain, passes in a gradual descent from the mid-brain to the 
base of the brain. Between it and the inter-brain proper there 
is found, in fishes, amphibians, reptiles, birds, and mammals, 
another ganglion which lies more or less firmly imbedded in the 
mass of the thalamus (corpus geniculatum laterale). It is one of 
the points of origin of the optic nerve. The main point of 
origin of these nerves, however, is the roof of the mid-brain. 
This roof changes less in the diff'erent classes of animals than 
any other part of the bmin. Only its relative size changes, and j 
he who has only seen the small coipom qnadrigeraina of the f 
human bmin will be astounded when he sees the huge optic | 
lobes of a fish or a bhd ; but the finer structure is always the I 
same. From the dorsal layer of the hemispherical lobe, which J 
is somewhat flattened by a sagittal furrow, the optic neiTe | 
always takes its origin. From the deeper layers arises a system I 
of sensory fibres, — the deep marrow. The latter forms a net- ( 
work around the aqueduct of Sylvius, and tho greater part of it 
passes caudad as the lemniscus, or fillet. 

In the posterior part of the mid-bmin roof there is in all 
animals a separate nucleus, fibres from which associate them- 
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selves with the deep marrow. This is the corpus quadrigemiiium 
posticum. In mammals, in whom the anterior portion of the 
roof remains relatively small, tliis posterior quadngeminal body 
reaches nearly the size of the anterior one. In all the figures 
it is marked by shading. 

Not only in the bony fishes, bnt also in bii-ds, the roof of 
the mid-brain has undergone special development, Tlie simple 
hollow hemisphere grows outward and downward on both sides, 
so that the lengthened roof closes around tlie lateral portion. 
Inasmuch as this condition, ])eculiar to birds, would not be 
visible in a sagittal section, the mid-brain in Fig. 16 is not 
divided, but is left so as to show it as it apjxjars in tlie uncut 
brain. 

The base of the mid-bmin is formed by masses of fibres 
which come from the fore- and inter- brain to pass farther back. 
To these masses are added the fibres springing from the roof of 
the mid-brain, and, lastly, there are found in this situation a 
number of nuclei from whieli bundles of fibres arise, which in 
part pass to tlie cerebellum, and in part reach the surface of tlie 
hrain as pcriplieral nerves (oculomotor, trochlear). One con- 
dition, which is rudimentary in birds, is more developed in 
mammals. Many fibres from the cortex of the hemispheres are 
massed together and lie ventrad of tlie fibres at the base of tlie 
mid-brain. This mass, called the pes of the cms cerebri, or 
crusta, is very strongly developed in primates and in man. In 
such brains we call all that lies dorsad of it and beneath the 
roof of the mid-brain the tegmentum. Fishes, reptiles, and 
amphibians possess only the tegmental tracts; the fibres of the 
crusta are wanting, because in them no fibres pass downward 
from the cortex. The majority of the fasciculi of the crusta and 
tegmentum ])ass on to the base of the cerebellum and medulla 
oblongata, where many terminate. A part pass into the roof of 
the hind-brain. 

This roof, which is continuous in front with the layer of 
the corpora quadrigemina, and behind, thi'ough the intervention 
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of a tliin membrane (velum medulläre posticum), passes into the 
posterior part of the spinal cord, contains the rudiments of the 
cerebellum. If you look at the sections shown in Figs. 12 to 17, 
it will strike you that with, perhaps, the exception of the fore- 
brain, uo part of the brain sliows so many changes in develop- 
ment as this. But the cerebellum is not, like the cerebrum, 
more developed in the higher classes of animals than in the 
lower. We find very remarkable differences in animals very 
nearly related to each other, and, on the other baud, in the lower 
selacians, for instance, an extremely good development of the 
organ. In the amphibians we meet with the cerebellum in its 
simplest form. The side of the roof of the hind-brain which 
laces the mid-brain is thickened into the form of a plate lying 
across the ventricle. Reptiles do not possess tliis organ in a very 
high state of development, but in those of them tliat swim 
(alligators) this plate is twice as thick as ordinary, and extends as 
far backward as the caudal side of the roof. Large swimming 
animals, tlie bony fishes and the selacians, possess a cerebellar 
organ which is so enormously developed that it must Ue in huge 
transverse folds (Fig. 12), and even at times pushes itself forward 
under the roof of the mid-brain into the aqueduct of Sylvius 
(Fig. 13). Fishes living in mud (dipnoi) have a smaller cere- 
bellum. 

In fishes, amphibians, and reptiles, bundles of fibres pass 
from the inter- and mid- bmin to the cerebellum, and from the 
spinal cord. We find these sarae bundles in birds and mammals, 
but in the former there are added very small, and in the latter 
very large, bundles of fibres from the tbre-braiu. These termi- 
nate in structures which we now meet for tiie first time, devel- 
oping on each side of the middle portion of the cerebellum the 
hemispheres of the cerebellum. In birds these are stQl small, 
but in mammals they increase along with the development of 
the middle portion (from now on called the worm, vermis) until 
they far exceed the latter in size. The vermis, however, even | 
in the liuman being, retains the transverse foldings which have 
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characterized the cerebf?!lum in all classes above the selacians, 
Directly caudad of the cerebellum in the roof of the hind-braiu 
we meet with ganglionic masses, which give off fibres to the 
trigeminal and the acoustic nerves. Fused closely with the 
cerebellum they are only small nuclei in mammals, but in fishes 
they form quite respectable lobes. 

From the thalamic region to the end of the spinal cord the 
central cavity (ventricle, central canal) is surrounded with masses 
of gray substance, rich in ganglion-cells, and caudad of the 
mid-brain we find in this gray matter the peripheral nerves 
arising from their nuclei. In the gi"ay substance of the fioor 
of the hind- and after- brain arise a great portion of the fibres 
of the trigeminal and abducens, a part of the acoustic and of 
the vago-glosso-pharyngcal. Soraewliat nearer the surface lies 
a column of nuclear cells, from the upper part of wiiicli the 
motor root of the fifth pair arises, and farther caudad tlie facial 
nerve. From the hind-brain to the sacral portion of the spinal 
cord there is an unbroken series of nuclei. Tiicre are really 
two series, one more ventral (zone of anterior horn. His) and the 
other more lateral (lateral zone). From the former arise the 
hypoglossal and all the anterior roots of the spinal nci'^cs going 
to the muscles of the trunk. From the latter there arise 
(Gaskell) fibres which are concerned in the innervation of the 
muscular coat of the viscera. Tliese lateral fibres leave the 
central organ along with the anterior-horn fibres, except in the 
region of the medulla, where they go to form the motor vagus 
and the accessory nerves. Farther down tliey leave the spinal 
cord in company with the other fibres of t)ie anterior roots. 
According to Gaskell the latter pass into the mixed nerves, 
while the former are connected with the sympatlietic. 

In the ventral portion of the pons and oblongata there are 
situated many aggregations of ganglion-cells and nerve-fibres, 
whose relations, varying widely throughout the animal kingdom, 
cannot be discussed here. It is of importance that all the nerve- 
fibres which connect the brain with the centres situated below 
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pass through these parts. Through the presence of all these 
structures this portion of the brain is thicj^er than the spinal 
cord, which comes next to it. The latter forms a column from 
the segments of which there arise anteriorly the motor and 
posteriorly the sensoiy nerves. The space to the outside of the 
nuclei of the nerves is occupied by fibres which connect the 
spinal cord with the brain, and the different portions of the 
spinal cord with one another. 

In the oblongata and spinal cord of certain animals we find peculiar 
structures, which have resulted from hypertrophy of some pre-existing organ. I 
will only mention, as examples, the great hypertrophy of the motor nucleus of 
the trigeminal in the ray, — the lobus electricus ; the enormous nucleus of the 
vagus of fishes, projecting high into the fourth ventricle, which, together with 
the trigeminal, provides for the sensation of the skin ; and the hypertrophy of 
the posterior horns of the spinal cord in certain fishes (Trigla). 



LECTURE III. 

THE GENERAL CONFORMATION AND HISTOLOGY OF THE BRAIN. 

Gentlemen: Although these lectures are not addressed 
to beginners, but to those who have a general acquaintance 
with the coarser anatomy of the brain, it will not be entirely 
superfluous to review our knowledge and to form a clear image 
of brain-structure in our minds. The outlines of the map in 
which, later, we intend to mark out all the points and by-ways 
which are of importance, will be definitely fixed by a recapitula- 
tion of what has already been learned. Taught by embryology, 
you will easily understand the morphological conditions presented 
by the organ of the adult individual. 

A fresh brain is laid on its base. You will easily discover 
the great fissure which separates the two liemispheres and the 
fissure of Sylvius which was originated by the growth of the 
temporal lobe. Inasmuch as tlie hemispheres have grown over 
most of the other portions of tlii brain (Fig. 5), we could get a 
view of the latter posteriorly by raising up the hemispheres and 
uncovering them. This could also be accomplished by removing 
a portion of the hemispheres. The latter method has the ad- 
vantage of giving us a view of the lateral ventricles and the 
corpus striatum, and we will therefore follow it. 

The knife held horizontally passes through both hemi- 
spheres at once and removes layers from 2 to 3 millimetres 
in thickness. The first and second of these layers contain much 
cortical matter and relatively little of the inclosed white sub- 
stance ; but in removing the third layer we have uncovered a 
large white field of medullary matter in the middle of each hemi- 
sphere, the centrum semiovale. In it run all those fibres which 
pass from the cortex downward, and a part of those fibres which 
connect the different portions of the cortex with one another. 

(31) 
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On looking at Fig. 6, we should expect that on removing 
another layer we should find the hemispheres separated from 
the ventricle only by a thin layer of epithelium. This, however, 
is not the case. At a later period of embryonic development, 
thick masses of fibres have developed and pass from one hemi- 
sphere to the other at a point shown by the letter a in Fig 6. 




whioh border! __ .__ __.^ 

bundlee ot fibres whicb iDterlaci 

Thus, at the bottom of the great fissure we do not find the ven- 
tricle, but the corpus callosum, as the mass of transverse fibres 
is called. 

The corpus callosum is now divided, and after the white | 
substance which lies over the ventricles on each side has been f 
removed it is cut off before and behind. Then it is seen that 
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its under surface is connected with some delicate masses of white 
fibres wtiich, arcliing over the cavity of the ventricle, pass down- 
ward to the floor of the same before and behind. They belong 
to the fornix. After they and the adhering choroid plexus are 
divided and removed, we find ourselves looking into the cavity 




alBer-tion. Viewed from aliova. Tha ti 






of the venti-icle. The middle space is the cavity of the primary 
fore-brain, now called the third ventricle. From the depths of 
its anterior end ascends the margin of the secondary fore-brain, 
the fornix. It is directly continuous with the median wall. 
The latter is ti-aversed by the fibres of the corpus callosum. 
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Tliat part of the median hemisplicic-wall whicli lies belowJ 
the corpus callosum (it appears behind it in the cut) is caüedl 
the septum pdlucidum. That part of the original fissure be>9 
tween the hemisplieves wliich remains between the right ana 
left layers of the septum is called the ventriculus septi pe 
lucidi. If you will imagine t!ie corpus callosum removed frei 
Fig. 19, the continuation of the hemisphere wall into the septum 1 
and the significance of the ventriculus will at once becomeJ 
apparent. It is no real ventricle, hut only that portion of t 
fissure between the hemispheres which is covered in by thi 
corpus callosum. 

On each side of tlie fornix lies a passage from the thin 
ventricle to the two lateral ventricles, — the Ibmmen of Monroj| 
That part of the lateral ventricle which lies in the frontal 1 
is called the anterior Iiorn, that which lies in the occipital lobe-f 
the posterior horn, and that lying in the temporal lobe Ihe in-j^ 
ferior born. You can easily insert your finger into each of i. 
horns. The basal regions of both hemispheres are comiecl 
with each other by the anterior commissure. Yoii ran see : 
bundles of white medullary fibres passing in front of tlic pillars 
of the fornix. 

The nucleus caudatns emerges from the floor of the lateral 
ventricle. Farther back, hon^ever, parts come into \ie\v which 
no longer belong to the hemisphere, — the tlialamus (inter-brain) . 
and the corpora quadrigemina (mid-brain). Behind these ap^J 
pears the upper suiface of the cerebellum (roof of the hind- 
brain). 

Along the whole inner border of the Iiemispheres rung t 
thick mass of white fibres constituthig the fornix. It ari 
from the boundaries between the hemisplieres and the mid-braia 
on either side from the floor of the ventricle, and passes over tin 
optic thalamus into the apex of the temporal lobe. 

In removing the corpus callosum we removed also 1 
middle portion of this arch of the fornix ; so that we only e 
anteriorly, close to the septum oellucidum, the ascending portioi 
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of tlie arch (crura fomicis), and, posteriorly, the descendiiif; 
poitiün, — a white line of medullary matter, which, passing along 
the border of the hemisphere, bounds the temporal lobe on its 
inner aspect. If you connect the points F.f and F.II, in Yi^. 19, 
with a gentle curve which passes over the optic thalamus, you 
will have restored the course of the fornix. In the accompany- 
ing median section of an embryonic brain you can easily dis- 
tinguish the course of the fornix. In our dissection (Fig. 19) 
you can see the tliaiamus behind tlie nucleus caudatus. It 
belongs to the inter-brain, and has developed from its lateral 
ivalls. The space between the 
two thalami is the cavity of the 
former inter-brain vesicle. Of 
its roof only a thin layer re- 
mains, the most important part 
of which is the pineal gland. 
Fig. 4 shows how this arose by 
a process of protrusion. All 
the rest of the roof of the former 
vesicle is only present in the 
form of a thin epitlielinm, be- 
longing to a plexus of vessels 
which cover the middle ventricle. 
The floor of the intor-brain, ^j^i^.'t>'i^^""'ui«"ft4^"^'^»-»>f^ 
which is. of coiiree, formed an- 
teriorly of the embryonic terminal lamina, consists of a mass of 
gray matter, which is prolonged in a funnel-sha^ied manner 
toward the base of the skull. This projection is called the tuber 
cinereiim, and its cavity the infundibulum. It is not shown in 
Fig. 19, but can bo clearly seen in the median section (Fig. 17). 
At its extreme end the tuber cinereum is ftised into the fold 
of pharyngeal mucous membrane which grows toward it. as 
shown in Fig. 4. At a later stage the latter is cut off from the 
pharynx and remains in Hie cavity of the skull, where, in con- 
nection with the tuber cinereum, it forms the hypophysis, — an 
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lower iiorilBr of the tipmleplieve, whioli be- 
coiuw thickened into the white mednllarj' 
line of the fornix. Tlio latter, however, only 
lieEomoB meduUnry after hirth. 



36 



LECTURES ON THE CENTRAL NERVOUS STSTEM. 



iricgulLir/ioundisli, ball-sliaped body, the size of a cherry, which 
is attached to the base of the intet-bvain by a slender pedicle. 

The tiialamus is slightly separated from the nucleus cau- 
datus by a bundle of fibres, called the stria terminalis. On the 
anterior portion of its surface the anterior tubercle is usually 
seen as a rounded swelling. It corresponds to a separate gan- 
glion witliin. Still another ganglion belonging to the thalamus 
will be found if we follow up the white line which nins along 
the median ridge of the thalamus (stria meduUaris). This gan- 
glion is a small, club-shaped mass lying far back, j ust in front of 
the corpora quadrigemina, and is called the ganglion habenulEe. 
From this there arises on each side a thin, white bundle of fibres 
which passes to the pineal gland, — the peduncuhis conarii. The 
gray mass of the thalamus is overlaid ivith white fibres (stratum 
zonale), which, in part, pass to the optic nerve. A principal 
point of origin for this nerve is a protuberance on the posterior 
part of the thalamus, — the puh'inar. Macroscopic observation 
alone would place the source of the optic nerve in this ganglion 
- and in two nodules on its under side (corpus geniculatum mediale 
and laterale). Between the thalami there extends a thin, gray 
lamina, — the middle commissure. I have never failed to find it 
if the brain was carefully taken out. 

The nerve-tracts from the hemispheres which lie deep down 
between them and the thalamus emerge, for the most part, 
caudad of the tlialamus from the main mass of the cerebrum. 
They form thick strands, and lie exposed on the ventral surface 
of the mid-brain, — the corpom quadrigemina ; taken together, 
they are called the crura of the bmin (pcdunculi cerebri). 

Behind the pineal gland begins the roof of the mid-brain. 
We regard the posterior commissure as the most anterior por- 
tion of this roof, as, arising in the thalamus, it passes caudad 
through the mid-brain. The corpora quadrigemina, which ap- 
pear just behind this commissure, we shall examine later on. 

If the brain is opened from above, as we have done, only 
the inner portion of the corpus striatum — the nucleus caudatus — 
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can be seen. The outer portion — the lenticular nucleus — lies 
deeper, and is covered with medullary masses, which pass over 
it into the internal capsule. We could expose it by opening 
downward outside of the nucleus caudatus, but you will get a 
better idea of its form if a frontal section is made transversely 
through the whole brain at the point in Fig. 19 where the thala- 




Fronul sectinn tbioagb Cbe adult tiiäiii. £spl&n 



mus begins, just behind the thickest part (caput) of the nucleus 
caudatus ; that is to say, just behind the ascending piUars of tlie 
fornix. 

It is not difficult to understand the cross-section (Fig. 21) 
if we keep in mind the conditions shown in Fig. 6. The brain- 
wall is decidedly thicker than at the fcetal period, but the corpus 



38 



LECTUEES ON THE CENTRAL NERVOUS SYSTEM. 



striatum rises from the üoor just as showu in that section. Tlie 
outer fissure lias now disappeared, but it may be considered as 
occupying the situation shoivn by the dotted line on the right 
sidp. 

At the bottom of the great fissure you can sec the ventricle 
covered by the thick cross-fibres of the corpus callosum. To 
these there ^mss from below the two pillars of the fornix, 
Iea\ing the ventriculus septi pellucidi free between the tliin 
layers of the septum pellucidum. They project freely into a 
cavity, the lateral ventricle. This cavity is bounded exteriorly 
by the coi-pus striatum. Just here you can see beautifully how 
the corpus striatum is penetrated by and apparently divided 
into two ganglia by the thick masses of fibres of tlie internal 
capsule. In the lenticular nucleus, that is, iu tlie outer portion 
of the corpus striatum, you can easily distinguish three divisions. 
Only one of these three parts — the external, shown most deeply 
shaded, called the putamen — may be regarded as a source of 
origin of fibres, together with the nucleus caudatus. The 
function of tlie two internal divisions (globus pallidus) is still 
uncertain. The globus paUidus sometimes consists of three or 
more divisions. External to the lenticular nucleus there lies a 
thin, gray mass in the wall of the hemisphere, — the claustrum. 
The space between it and the lenticular nucleus is called the 
external capsule. Farther out still lies the cortex of the island 
of Reil. The gray mass on the floor of the middle ventricle 
belongs to the wall of the infundibulum, — the tuber cincreura. 
It and its continuation are called the central (ventricular) gray 
substancQ, At the point where this and the cortex of tlie tem- 
poi-al lobe become continuous there lies a large, roundish nucleus, 
— the nucleus amygdalae. It probably stands in some relation to 
the origin of the olfactory nerve. In its finer structure it re- 
sembles the claustrum (Mendinol). Between the pillars of the 
fornix you see the anterior commissure. Its fibres curie back- 
ward as they pass through the corpus striatum. For this reason 
we again meet them on cross-sections of the brain, just below 
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the outer part of the lenticular nucleus (Fig. 21, below and to 
the right). 

I cannot urge you too strongly, gentlemen, to look up in 
the fresh brain all the parts mentioned in to-day's lecture, and 
leam tlie situation of each by your own dissection. The repre- 
sentation by word and picture may give you a good idea of 
them, but it can never take the place of that which may be 
obtained by study of the fresh specimen. 

The difference in colors which you have observed to-day in 
the fresh bmin specimens is caused by differences in their finer 
structure. To this, the histology of the centml nervous system, 
we will now, for a shoil. time, turn our 
attention. 

The brain is made up of nerve- 
tissue and a matrix. This matiix is 
composed of the walls of numerous 
blood-vessels which pass in everj- direc- 
tion through the oi^n, and of the 
neuroglia, most delicate cells, with a 
net-work of fine ciliary processes, which, 
becoming intermingled with those of »"'™-'«"™R.i*cea». 

neighboring cells, are matted together into a sort of dense felt 
This stiaicture may well be likened to a mass of buiTS stuck 
together with a few thicker strands, the blood-vessels, passing 
among them. The nerve-fibres are imbedded-in the free spaces 
between the cells of the neuroglia. 

The net-work of neuroglia is somewhat differently con- 
stituted in different parts of the centi-al nervous system, and 
forms here and there thick masses, altogether free from nerve- 
substance. 

Thus, for instance, a broad zone of almost unmixed neu- 
roglia is spread over the whole surface of tlie brain and spinal 
cord. The larger ganglion-cells are oflen so entangled in neu- 
roglia that they seem to be lying in a fine-meshed basket. 




40 



LECTURES ON THE CENTRAL NERVOUS SYSTEM. 



Tlie nerve-substance proper which fills out the spaces in the 
above-described net-work consists of ganglion-cells and nerve- 
fibres. 

The form of the ganglion-cells is extremely varied. Round- 
ish, almost spherical bodies of small size are seen, together with 
multipolar cells with many processes, and twenty times the size 
of the smaller cells. 




From a piece of spmsil cmrd. A una B, ([an gl ion -cells ; at I>, aicls-pyllnder; ji, protoplasmla 
procBBs; e, ueurogUa^oella. (After Hanviar.l 

In the lobus nervi vagi of the torpedo and in the medulla 
oblongata of the river lamprey are found such enormous ganglion- 
cells that they can readily be seen with the naked eye. In the 
spinal cord of the electric eel, the malaterus, are two isolated 
ganglion-cells of such a size that the huge single nerve-fibre 
which each gives off is sufficient to supply the very large elec- 
tric organ of the animal. 
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The iierve-fibres arise from the ganglion-cells. 11. AViiguer 
t-first showed that but a single process of tliese cells could be 
I traced directly into the nerve, and other investigators have con- 
I firmed this. The relations which the other processes of a miilti- 
I polar cell and the processes of the cells which do not possess this 
*' axis-cvhudcr " process have to the nerve-fibres remained in 
I darkness until Gerlach, in 1870, showed that these processes 
I form a net-work with each other, and that from this net-work 
I nerves arise. It is only 
during the course of the 
past year tliat Bellonci first, 
and later, in a still more 
convincing manner, Golgi 
and Bela Haller succeeded 
in showing the metliod of 
origin of nerve-fiijres from 
the central ganglionic cells. 
Golgi conducted his investi- 
gations on the cortex of 
human beings and of other 
animals, and, by frequent 
combinations of very com- 
plicated microscopical pic- 
tures, arrived at the same 
conclusions with Haller, 
who worked on molhisks, 
where the conditions were 
more simple, and the relations could be plainly seen. The most 
important of these discoveries, wliich, moi-eover, have been con- 
firmed for other parts of tiie central nervous system by Golgi's 
pupils, is the now well-established fact that the nerve-fibres arise 
from tlie cells of the centi'al nervous sy-stem in two ways; that 
there is a direct and an indirect origin of neiTes. 

The former we have already mentioned as having been dis- 
covered by Wagner. The axis-cylinder process of a ganglion-cell 
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i directly into a nerve-fibre. Recent investigations liave 
shown tliat before passing off it gives rise to minute fibrils, 
whicli form a fine net-work. Tins direct fomi of nerve-origin 
has been recognized in tlie great pyramidal cells of the cortex, ' 
and in the cells of Purkinje in the cerebellum, in the nuclei of 
the motor nerves in the brain and spinal cord, and in other places. 

In many other cells, however, tlie processes, soon after 
leaving the cells, break up to form a tine net-work, which re- 
cei^'cs, also, the lateral fibrils of the axis-cylinder processes I 
before mentioned, and from this net-work the nerve takes its I 
origin. This net-work may contain the offshoots of a great I 
number of ganglion-cells. In the accompanying section through I 
the pleural gangUon of a snail you may see both methods of I 
nerve-origin taking place side by side (Fig. 24). 

What part is played by the cell processes which do not- 1 
become connected with tlie nervous system — Golgi calls them ] 
protoplasmic processes — is not yet determined. There is ground I 
for believing that they are connected with the fine net-ivork I 
composed partly of glia and partly of connective tissue, which J 
surrounds the blood- and lymph- vessels of the central nervous I 
system ; that is, that they bear some relation to the nutrition of | 
the cells themselves. The fact that this fine net-work, which J 
consists of all thfese processes of ganglion- and glia- cells, is so 1 
difficult to disentangle has naturally led to other views as to its I 
composition than the one I have given yon, but it is im^K>rtan£l 
to notice that all the later authors, whatever their difterencea of f 
opinion in regard to the net-work (Leydig, Nassen), have ob- 1 
served the double method of origin of nerve-fibres. 

It is probable that the difierence in origin denotes a differ-1 
ence in function. We know that the motor roots of a periphei 
nerve arise directly from the axis-cylinder of the cells, s 
was in the sensory posterior roots that Gerlach observed 1 
breaking up of the nerves into this minute net-work. The i 
vestigations of His, to which I referred in the last lecture, 
out the views we have adopted. 
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The nerve-fibres in the brain and spinal cord are of varying 
size in adult mammals, and all are probably surrounded with 
meduUaiy sheaths. 

Every nerve-fibre, as it enters the central organ, loses its 
sheath of Schwann. Only a thin layer, fii-st seen by Kanvier, 
and which is present even in peripheral nerves, is left to cover 
the nerve-marrow after it enters the brain or spinal cord. 

In general, the parts which consist only of medullary fibres 
appear white (white substance}; tliose composed mainly of 




1, ax[9-cylindcr ; mg. 



neuroglia, axis-cylinder, and ganglion-cells, gray (gray matter). 
The gray matter is more vascular than the white. During life 
it exliibits, in the presence of sensitive reagents, a slightly acid 
reaction. 

We owe our first Bccurate knowledge of the histology of the central nervous 
Bjstem, fta was staled in the first lecture, to Elirenberg, Reniak, and Hannover. 
After Hannover, Helmliolz, in 1643, recügiiized in invertebrates tlie true relations 
between ganglion-colls and nervc-flbres. In 1844. Kölliker discovered that a 
double-contoured aerve might arise from a celL In 1860 Rudolph Wagner dis- 
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island of Heil. The island is, therefure, that part of the cortex 
which immediately adjoins the ganglia of the cerebrum. At 
first it lies on the surface, but little by little it is covered in by 
the overlapping hemisplieres. 

You will easily find the fissure of Sylvius in the adult 

brain. It is the largest of the sulci, and ou separating its walls 

■ you will disco\Li the i'^land and see that it is traversed by a 

number of peipcndiculu and oblique suln In the sixth month 




The left hi 
*aliil[<«i8 In Ilia ielfliiil «t Bell tin}. __. 
BiiWrior and iiostertof ; .Fop, flsauta pariel 



of pregnancy the two divisions of the fissure of Sylvius — ^the j| 

anterior and posterior — are plainly to be seen, All the rest of I 
the brain is still smooth. (Compare Fig. 7.) 

After this period, furrows (sulci or fissures) are developed ,1 
on the siuface of the hemispheres by means of local elevations ] 
vvliich increase more and more during the later months of fcetal.j 
life until birth, at which time almost all the fissures and convo j 
lutions which the adult brain will possess are clearly marked out, 

The following purely diagrammatic drawings may serve aa 
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a guide in your study of the surface of the bram. Only the 
most important constant convolutions and fissures are therein 
considered. The simple diagram of Ecker, of which they are 
reproductions, impresses itself more easily on the memory than 
a representation of a real brain which shows all the shallower 
fissures, which are inconstant, alongside the deeper and more 
constant ones. 

First, let us look up the fissure of Sylvius ; it divides the 




Fig. 28. 

Lateral view of the brain. The convolutions and lobes are marked in Roman letters, the 

fissures and sulci in italics. (After Ecker.) 

greater part of the temporal lobe from the rest of the brain. We 
can observe two branches — a long anterior and a short posterior 
and ascending branch. The mass of brain which lies at their 
jimction and covers the island is called the operculum. If we 
separate those portions of the brain which surround the fissure 
of Sylvius, as is done in Fig. 27, the island lies in full view. We 
see that it is traversed by a deep fissure, passing obliquely 
upward and backward, — the sulcus centralis insulae, — which 
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latter you will have to be at some pains to distinguish. You | 
will find it in the spjice which is bounded above by the intei*- 1 
parietal fissure and below by the sujierior temporal fissure, its I 
posterior portion, indeed, suiTounding t!ie end of the latter. 

Do not always expect, gentlemen, to find tlie interparietal I 
fissure mnning its whole course without a break. Oft^'n enough 
it is broken into two or more parts by plis de passage, which 1 
are usually found in its posterior third. Its posterior portion I 
extends into the occipital lobe. 

This occipital lobe is not in all brains so uniformly dinded 1 
by its sulci that we can always \ 
find the three convolutions 
described by writers, ^iz., first 
(upper), second (middle), and 
third (lower) occipital convolu- 
tions, easily and without arti- 
ficial refinement. 

It is often separated from: 
the parietal lobe by an addi-i 
tional occipitid fissure (not 
shown in tlie figure), which 
passes up perpendicularly be- 
hind the gyrus angularis. 
Tlie line of division from the 
temporal lobe is a horizontal 
fissure, appearing hke a continuation of the inferior temporal 
fissnre, and called the inferior occipital sulcus. The angle be- 
tween these occasionally continuous fissures bounds the temporal 
lobe. At the upper and anterior part it is continuous with the^ 
parietal lobe. This connection is divided into the bridging con- 
solutions by the interparietal fissure, which passes through H 
longitudinally. 

After noting all these convolutions and fissures, divide thi 
brain into halves by cutting dowu through the great fis&ure 
stndv the median surface. 




Fio. SO. 

«phere. Blmwii in Kig, 7. Shi 
1 iwcr Imrder of the hcmlBphi 



.Bnd into the wtilte mednllnry 
rnlx. TUslutter, liiivpever, only 
laUar}- after lilrtli. 
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The most important parts of the median lieraisphere-wall 
have been desciibed in the preceding; lecture, while we were 
itudying its development. I will only remind you that we then 
learned tliat the margin of the hemisphere thickened into the 
fornix, followed the growing hemisphere in a cun'e ; that for- 
ward, where the corpus callosum passes through, that portion 
of the inner wall which lies between the latter and the fornix, 
remains as the septum peUucidum, 

Taught thus by the history of its development, you will 




Sagittal aectlnn throuRb the middle of an adult brain. The posterior portioD of the 
thalaniUB, the peduuculus oereljri, etc.. bave been reiuurud In order to anow Ibe inner 
surluce of the temporal lul». 

understand the sections made through the adult brain. In tlie 
specimen from which Fig. 31 is taken, as well as in the embry- 
onal brain (Fig. 30), all parts lying caudad of the middle of the 
thalamus are cut off, because they cover the under side of the 
temporal lobe aud prevent us from following up the course of 
the fornix. 

Now, on the longitudinal section, you see in the centre the 
inter-brain, or, rather, the thalamus, which has developed ü'om 
its lateral wall. Along the boundary between it and the cere- 
hrum lies the curved margin of the hemisphere, thickened to a 
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covered, in working on tlie electric organ of tlie torpedo, tliat a single ganglion- 
cell may send out two sorts of proc^ses, of which only one, the axis-cylinder 
process, is continued into a nerve ; and in 1854 Remak observed the same thing 
in the great ganglion -cells of the spinal cord. Deiters, in 1865, proved that this 
was true of all ganglion-cells. Our knowledge of these conditions has been in- 
creased by the labors of Gerlach, Max Schultze, Waldeyer, Jolly, A. Key and G. 
Retzius, Betz, Bevan Lewis, Obersteiner, Freud, and many others. So many 
have turned their attention and efforts to this most difficult region of histology 
that a memoir which appeared at the beginning of 1887 (Napsen) enumerated 
341 works on nerve-fibres and ganglion-cells. More recent and profound works 
on the neuroglia are those of Boll, Ranvier, and Gierke. 




LECTURE IV. 

THE CONVOLUTIONS AND FISSURES OF THE SURFACE OF THE 

CEREBRUM. 

Gentlemen : It is not so very long ago that the study of 
the structure of the brain surface possessed very little interest 
for the anatomist and none at all for the practicing physician. 
Nor is it a very long time since order was brought out of the 
seeming chaos of the convolutions of the brain, so that clear and 
definite cuts have taken the place of the old plates, concerning 
which an author pertinently remarked that 
they were a better representation of a dish of 
macaroni than of the brain. Interest was first 
awakened in regard to the human brain after 
physiology and pathology had shown the dif- 
ferent results of irritation, extii-pation, and Brain o/hunfan embryo 
disease, varying according to the different 
convolutions attacked. It is, therefore, of importance, gentlemen, 
that you learn to know thoroughly the arrangement of these con- 
volutions and the course of the fissures which separate them. 
By word and diagram alone it will be impossible for me to make 
you as thoroughly acquainted with these structures as you should 
be. Here again it is necessary for you to take a fresh brain, 
and, following my lecture, trace out for yourselves sulcus after 
sulcus and convolution after convolution. 

The primarily lens-shaped hemispheres grow, as you know, 
toward the front and backward. Only in the middle, at a point 
corresponding to the corpus striatum within, the surface does 
not expand as rapidly, and, hence, becomes more depressed than 
the surrounding parts. The depression which thus exists near 
the point of origin of the hemispheres is called the fossa or 
fissure of Sylvius, and that part which lies in the depression the 

(45) 
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island of Eeil. The island is, therefore, that part of the cortex 
which immediately adjoins the ganglia of the cerebrum. At 
first it lies on the surface, but little by Uttle it is covered in by 
the overlapping liemispberes. 

You will easily find the fissure of Sylvius in the adult 

brain. It is the largest of the sulci, and on separating its walls 

• you will discover the island, and see that it is traversed by a 

number of perpendicular and oblique sulci. In the sixth month 




■It |iai']eto^ocii>l talis. (iVftor Uciilv.) 

of pi-egnancy the two divisions of the fissure of Sylvius — the 
anterior and posterior — are plainly to be seen. All the rest of 
the brain is still smooth, (Compare Fig. 7.) 

After this period, furrows (sulci or fissures) are developed 
on the surface of the hemispheres by means of local elevations 
whicli increase more and more during the later months of fcetal 
life until bii-th, at which time almost all the fissures and convo- 
lutions which the adidt brain will possess arc clearly marked out. 

The following purely diagrammatic drawings may serve as 
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a guide in youv study of the surface of the brain. Only the 
most important constant convolutions and fissures are therein 
considered. The simple diagram of Ecker, of which tiiey are 
reproductions, impresses itself more easily on the memory tlian 
a representation of a real brain which shows all the shallower 
fissures, wliich are inconstant, alongside the deeper and more 
constant ones. 

First, let us look up the fissure of Sylvius ; it divides the 




Latenl view of the brali 



greater part of the temporal lobe from the rest of the brain. We 
can observe two branches — a long anterior and a short posterior 
and ascending branch. The mass of brain which lies at their 
junction and covers the island is called the operculum. If we 
separate those portions of the brain which surround the fissure 
of Sylvius, as is done in Fig. 27, the island lies in full view. We 
see that it is traversed by a deep fissure, passing obliquely 
upward and backward, — the sulcus centralis insulse, — which 
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divides it into two lobules. Tlie anterior lobule is divided by 
several perpendicular fissures into 3—4 gyri breves insulie. The 
posterior lobule is, apparently, one single longer convolution, — 
the gjTUS longiis. It borders directly on the tempoi-al lobe. In 
the operculum there begins an important assure wiiich ascends 
to the margin of the hemisphere, but is separated from the latter, 
as well as from the fissure of Sylvius, by brain-substixnce. This 
is the sulcus centralis, or central fissure. Observe it in Fig. 28 ; 
it divides the frontal from the parietal lobe. All that lies below 
the fissure of Sylvius is called the temiwral lobe. In front of 
tlie central fissure lies the anterior central convolution ; behind 
it, the posterior central convolution.* 

The region in front of the anterior central convolution, the 
frontal lobe, is dii'ided by two fissiu'es, the superior and inferior 
frontal fissures, into three convolutions, — superior, middle, and 
inferior frontal convolutions. These are not always sharply 
defined along the whole length of the frontal lobe, inasmuch as 
the frontal fissures are otlen inteiTupted in their course byp/is 
de paasage. You will easily discover these three divisions of the 
frontal lobe lying next to each other in all brains, and will 
observe that the lower frontal convolution (also called thh-d 
frontal convolution) takes part in forming the operculum, Vei-y 
often there is found at the posterior end of the inferior frontal 
fissure another fissure at right angles to it, which bounds the 
anterior central con\'olution in front and is called the prie-central 
fissure. 

[The lower frontal convolul.ion is broader in Europeans than in other races. 
In tlie brum of Gambetta, who was a great orator, it was twice »a broad aa uaual. J 

The temporal lobe is traversed by several fissures, which run 
parallel to the fissure of Sylvius and divide the lobe more or 
less sharply mto an upjier (or first), a middle (or second), and a 
lower (or third) temporal convolution. Generally only the two 
first of these ai-e clearly distinguishable throughout their whole 
length. 

• ClTConvolntlon frnntaloMCendflnte. i . „ „^ v ■» 
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Observe now tlie region oaudad of the central fissure and 
above the temporal lobe. It is called the parietal lobe. It is 
divided into a superior and an inferior parietal lobe by a sulcus, 
which passes in a curve around the end of the fissure of Sylvius 
and the end of the first temporal fissure, and is called the inter- 
jmrietal fissure. There is nothing to mark the division between 
the superior parietal lobe and the posterior central convolution, 
unless, as often happens, a brauch oi' the interparietal fissure 




passes upward toward the margin of the hemisphere. In this 
case, of coui-se, the connecting convolution is much nari'ower. 

That part of the inferior parietal lobe which surrounds the 
fissure of Sylvius is called the gyrus marginalis.* 

The part lying just back of this, and arching around the 
end of the superior temporal fissure is called the gyrus angu- 
laris. The former you will discover at once in every brain ; the 

•Marked "G. Bupra-marBlnalis " ia tbe cut (Fig. 28), 
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passes diiectly into a nerve-fibre. Recent investigations have 
shown tliat before passing off it gives rise to minute fibrils, 
which form a fine net-work. Tliis direct form of nerve-origin I 
has been i-ecogiiized m the great pyramidal cells of the cortex, 
and in tlie cells of Purkinje in the cerelK'Uum, in the nuclei of 
the motor nerves in the bmin and spinal cord, and in other places. 

In many other cells, however, tlie processes, soon after 
leaving the cells, break up to form a fine net-work, which re- 
ceives, also, the lateral fibrils of the axis-cylinder processes 
before mentioned, and from this net-work the nerve takes its j 
origin. This netrvvork may contain the off"shoots of a great 
number of ganglion-cells, In the accompanying section through 
the pleural ganghon of a snail you may see both methods of 
nerve-origin faking place side by side (Fig. 24). 

AVliat part is played by tlie cell processes which do not J 
become connected with the nervous system — Golgi calls them [ 
protoplasmic processes — is not yet determined. There is ground 1 
for believing that they are connected with the fine net-work T 
composed partly of glia and partly of connective tissue, which 1 
surrounds the blood- and lymph- vessels of the central nervous ] 
system ; that is, that they bear some relation to the nutrition of f 
the cells themselves. The fact that this fine net-work, which I 
consists of all tlfese processes of ganglion- and glia- cells, is so ] 
difficult to disentangle has naturally led to other views as to its I 
composition than the one I have given you, but it is important I 
to notice that all the later authors, whatever their dift'erences of i 
opinion in regard to the net-work (I^eydig, Nassen), have ob- I 
served the double method of origin of nerve-fibres. 

It is probable that the difference in origin denotes a differ- I 
ence in function. We know that the motor roots of a peripheral 1 
nerve arise directly from the axis-cylinder of the cells, and It'l 
was in the sensory posterior roots that Gerlach observed thej 
breaking up of the nerves into this minute net-work. The in- i 
vestigations of His, to which 1 referred in the last lecture, bet 
out the views we have adopted. 
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The nerve-fibres in the brain and spinal cord are of varjing 
size in adult mammals, and all are probably surrounded with 
medullaiy sheaths. 

Every nerve-fibre, as it enters the central organ, loses its 
sheath of Schwann, only a thin layer, fii-st seen by Kanvier, 
and which is present even in peripheral nerves, is left to cover 
the nerve-marrow after it enters the brain or spinal cord. 

In general, the parts which consist only of medullary fibres 
appear white (white substance); those composed mainly of 
C D G 




neuroglia, axis-cylinder, and ganglion-cells, gray (gray matter). 
The gray matter is more vascular than the white. During life 
it exhibits, in the presence of sensitive reagents, a slightly acid 
reaction. 

We owe our first accurate knowledgeof the histology of the central nervous 
BjBtem, as was staled in the first lecture, to Ehrenberg, Rcniak, and Hannover. 
After Hannover, Helmliolz. in 1S43, recognized in invertebrates tlie true relations 
between ganglion-cells anil nerve -fibres. In 1844, Kölliker discovered that a 
double-contoured nerve might arise from a cell. In 1B60 Rudolph Wagner dis- 
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covered, in working on tlie electric organ of the torpedo, that a single ganglion- 
cell may send out two sorts of processes, of which only one, the axis-cylinder 
process, is continued into a nerve ; and in 1854 Remak observed the same thing 
in the great ganglion-cells of the spinal cord. Deiters, in 1865, proved that this 
was true of all ganglion-cells. Our knowledge of these conditions has been in- 
creased by the labors of Gerlach, Max Schultze, Waldeyer, Jolly, A. Key and G. 
Retzius, Betz, Bevan Lewis, Obersteiner, Freud, and many others. So many 
have turned their attention and efforts to this most difficult region of histology 
that a memoir which appeared at the beginning of 1887 (Napsen) enumerated 
341 works on nerve-fibres and ganglion-cells. More recent and profound works 
on the neuroglia are those of Boll, Ran vier, and Gierke. 




LECTURE IV. 

THE CONVOLUTIONS AND FISSURES OF THE SURFACE OF THE 

CEREBRUM. 

Gentlemen : It is not so very long ago that the study of 
the structure of the brain surface possessed very little interest 
for the anatomist and none at all for the practicing physician. 
Nor is it a very long time since order was brought out of the 
seeming chaos of the convolutions of the brain, so that clear and 
definite cuts have taken the place of the old plates, concerning 
which an author pertinently remarked that 
they were a better representation of a dish of 
macaroni than of the brain. Interest was first 
awakened in regard to the human brain after 
physiology and pathology had shown the dif- 
ferent results of irritation, extirpation, and Brain of hun» an embryo 

J • • J • i. i.T_ J • ir i. of 13 weeks. 

disease, varying according to the diiierent 
convolutions attacked. It is, therefore, of importance, gentlemen, 
that you learn to know thoroughly the arrangement of these con- 
volutions and the course of the fissures which separate them. 
By word and diagram alone it will be impossible for me to make 
you as thoroughly acquainted with these structures as you should 
be. Here again it is necessary for you to take a fresh brain, 
and, following my lecture, trace out for yourselves sulcus after 
sulcus and convolution after convolution. 

The primarily lens-shaped hemispheres grow, as you know, 
toward the front and backward. Only in the middle, at a point 
corresponding to the corpus striatum within, the surface does 
not expand as rapidly, and, hence, becomes more depressed than 
the surrounding parts. The depression which thus exists near 
the point of origin of the hemispheres is called the fossa or 
fissure of Sylvius, and that part which lies in the depression the 

(45) 
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island of Reil. The island is, therefore, that part of the cortex 
which immediately adjoins the ganglia of the cerebrum. At 
first it lies on the surface, but little by little it is covered in by 
the overlapping hemispheres. 

You will easily find the fissure of Sylvius in the adult 

brain. It is the larfjest of the sulci, and on sejmrating its walls 

■ you will discover the island, and see that it is traversed by a 

number of perpeudicular and oblique sulci. In the sixth month 




The iHft bemlspliere witb the ftsaure of Sylvius drawn apart In order tn sliow tbaoon- 
Tolulioua In the lE-ltuid .if Beil l/n). Se, bdIous eenCralls; Oca. licp. gyin» CEDtnllB, 
aiilerloi' and posterior; Fop, fisaura |)arleto-ocdi>ltali». {After Henle.) 

of pregnancy the two divisions of the fissure of Sylvius — the 
anterior and posterior — are plainly to be seen. All the rest of 
the brain is still smooth. (Compare Fig. 7.) 

After this period, furrows (sulci or fissin-es) are developed 
on the siuface of the hemispheres by means of local elevations 
which increase more and more during the later montlis of fcetal 
life until birth, at which time almost all the fissures and convo- 
lutions ivhicii the adult brain will possess arc clearly marked out, 

The following purely diagrammatic drawings may serve as 
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a guide in your study of the surface of the brain. Only the 
most important constant convolutions and fissures are therein 
considered. The simple diagram of Ecker, of which they are 
reproductions, impi-esses itself more easily on the memory tlian 
a representation of a real >»rain which shows all the shallo^'cr 
fissures, which are inconstant, alongside the deeper and more 
constant ones. 

First, let us look up the fissure of Sylvius ; it divides the 




Lateral view of Che bruin. 



arkedin Roman le 



greater part of the temporal lobe from the rest of the brain. We 
can observe two branches — a long anterior and a short posterior 
and ascending branch. The mass of brain which lies at their 
junction and covers the island is called the operculum. If we 
separate those portions of the brain which sunound the fissure 
of Sylvius, as is done in Fig. 27, the island lies in full view. We 
see that it is traversed by a deep fissure, passing obliquely 
upward and backward, — the sulcus centralis insula, — which 
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divides it into two lobules. The anterioi lobule is divided by 
several perpendicular fissures into 3-4 gyri breves iusulae. The J 
posterior lobule is, apparently, one single longer convolution,— 
the gyrus longus. It borders directly on the temporal lobe. In j 
the operculum there begins an important assure which ascends 
to the margin of the hemisphere, but is separated from the latter, | 
as well as from the fissure of Sylvius, by brain-snbstance. This ) 
is the sulcus centralis, or central fissure. Observe it in Fig. 28 ; 1 
it divides the frontal from the parietal lobe. All tliat lies below ] 
the fissure of Sylvius is called the temporal lobe. In front of 
the central fissure lies the anterior central convolution ; behind ' 
it, the posterior central convolution.* 

The region in front of the anterior central convolution, the 
frontal lobe, is divided by two fissures, the suix-rior and inferior 
frontal fissures, into three convolutions, — superior, middle, and 
inferior frontal convolutions. These are not always shai-ply 
defined along the whole length of the frontal lobe, inasmuch aa 
the froutal fissures are often inteiTupted in their course by plis 
de passage. You will easily discover these tluee divisions of the 
frontal lobe lying next to each other in all brains, and will 
observe that the lower frontal convolution (also called third 
frontal convolution) takes part in forming the operculum. Very I 
often there is found at the posterior end of the inferior frontal | 
fissure another fissure at right angles to it, whicli bounds the I 
anterior central convolution in front and is called the prEe-centraL 
fissure. 



[Tlie lower frontal convolution is broader ii 
Iq the bruin of Gaiiibetta, wlio WftS a great orntor, 



Europefins than in otiier races. 
it was twice as bioud as ububI. ] 



The temporal lobe is traversed by several fissures, which run 
parallel to the fissure of Sylvius and divide the lobe more or 
less sharply into an upper (or first), a middle (or second), and a 
lower (or third) temporal convolution. Generally only the two i 
first of these are clearly distinguishable throughout their whole J 
length. 

.™ . — J — '-intjilo ascendente, j ,„ .^^ .. .. 
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Observe now the region eaudad of the central fissure and 
above the temporal lobe. It is called the parietal lobe. It is 
divided into a superior and an inferior parietal lobe by a sulcus, 
which passes in a curve around the end of the fissure of Sylvius 
and the end of the first temporal fissure, and is called the inter- 
[larietal fissure. There is nothing to mark the division between 
the superior parietal lobe and the posterior central convolution, 
unless, as often happeus, a brauch of the interparietal fissure 




:e Fig. 28. (After Ecker.) 

passes upward toward the margin of the hemisphere. In this 
case, of course, the connecting convolution is much nanower. 

That part of the inferior parietal lobe which sun-ounds the 
fissure of Sylvius is called the gyrus marginalis.* 

The part lying just back of this, and arching around the 
end of the superior tempoml fissure is called the gyrus angu- 
laris. The former you will discover at once in every brain ; the 

■Marked "O. Bapra-marBlnalia " In tbe cut (Fig. 28). 
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passes dii-cctly iiito a nerve-fibre. Recent investigations liave 
shown that before passing oif it gives rise to minute fibrils, 
which form a fine net^work. This direct form of nerve-origin 
has been recognized in the great pyramidal cells of the cortex, 
and in the cells ol' Pnrkinje in the cerebellum, in the nuclei of 
the motor nerves in the brain and spinal cord, and in other places. 

In many other cells, however, tlie processes, soon after 
leaving the cells, break up to form a fine net-work, whicli re- 
cei^'es, also, the lateral fibiils of the axis-cylinder processes 
before mentioned, and from this net-work the nerve takes its 
origin. This ue^work may contain tlie offslioots of a great 
number of ganglion-cells. In the accompanying section through i 
the pleural ganglion of a snail you may see both methods of 
nerve-origin taking place side by side (Fig. 24). 

Wliat part is played by the cell processes which do not 
become connected with the nervous system — Golgi calls them 
protoplasmic processes — is not yet determined. Tiiere is ground 
for believing that they are connected with the fine net-work 
composed partly of glia and partly of connective tisane, which 
surrounds the blood- and lymph- vessels of the central nervous 
system ; that is, that they boar some relation to the nutrition of 
the cells themselves. The fact that this fine net-work, which 
consists of all tltese processes of ganglion- and glia- cells, is bo 
difficult to disentangle has naturally led to other views as to ita 
composition than the one I have given you, hut it is important 
to notice that all the later authors, whatever their difi'erences of 
opinion in regard to the net-work (Leydig, Nassen), have ob- 
served the double method of origin of nerve-fibres. 

It is probable that tlie difference in origin denotes a differ- 
ence in function. "We know that the motor roots of a peripheral 
nerve arise directly from the axis-cylinder of the cells, and it 
was in the sensory posterior roots that Gerlach observed the 
breaking up of the nerves into this minute net-work. The in- 
vestigations of His, to which I referred in the last lecture, bear 
out the views we have adopted. 
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The nerve-fibres in the brain and spinal cord are of varying 
size in adult mammals, and all are probably surrounded with 
meduUaiy sheaths. 

Every nerve-fibre, as it enters the central organ, loses its 
sheath of Schwann. Only a thin layer, firat seen by Rauvier, 
and which is present even in peripheral nerves, is left to cover 
the nerve-manow after it enters the brain or spinal cord. 

In general, the parts which consist only of medullary fibres 
appear white (white substance); those composed mainly of 
A B c ^ E 




neuroglia, axis-cylinder, and ganglion-ceUs, gray (gray matter). 
The gray matter is more vascular than the wliite. During life 
it exliibits, in the presence of sensitive reagents, a slightly acid 
reaction. 

We owe our ärst accurate koowledge or the histology of the central oervous 
■jstem, t,B was staled in tlie first lecture, to Elirooberg, Reniak, and Hannover. 
After Hannover, Helmliolz. In 1843, recognized in invertebratcB tlie true relations 
between ganglion-cells and tiürve-fibreB. In 1844, Kölliker discovered that a 
double-con toured nerve miglit aiiae ftom a cell. In 1860 Rudolph Wagner dis- 
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covered, in working on the electric organ of the torpedo, that a single ganglion- 
cell may send out two sorts of proc^ses, of which only one, the axis-cylinder 
process, is continued into a nerve ; and in 1854 Remak observed the same thing 
in the great ganglion -cells of the spinal cord. Deiters, in 1866, proved that this 
was true of all ganglion-cells. Our knowledge of these conditions has been in- 
creased by the labors of Gerlach, Max Schultze, Waldeyer, Jolly, A. Key and G. 
Betzius, Betz, Bevan Lewis, Obersteiner, Freud, and many others. So many 
have turned their attention and efforts to this most difficult region of histology 
that a memoir which appeared at the beginning of 1887 (Napsen) enumerated 
341 works on nerve-fibres and ganglion-cells. More recent and profound works 
on the neuroglia are those of Boll, Ran vier, and Gierke. 




LECTURE IV. 

THE CONVOLUTIONS AND FISSURES OF THE SURFACE OF THE 

CEREBRUM. 

Gentlemen : It is not so very long ago that the study of 
the structure of the brain surface possessed very little interest 
for the anatomist and none at all for the practicing physician. 
Nor is it a very long time since order was brought out of the 
seeming chaos of the convolutions of the brain, so that clear and 
definite cuts have taken the place of the old plates, concerning 
which an author pertinently remarked that 
they were a better representation of a dish of 
macaroni than of the brain. Interest was first 
awakened in regard to the human brain after 
physiology and pathology had shown the dif- 
ferent results of irritation, extirpation, and Brain ot human embryo 
disease, varying according to the different 
convolutions attacked. It is, therefore, of importance, gentlemen, 
that you learn to know thoroughly the arrangement of these con- 
volutions and the course of the fissures which separate them. 
By word and diagram alone it will be impossible for me to make 
you as thoroughly acquainted with these structures as you should 
be. Here again it is necessary for you to take a fresh brain, 
and, following my lecture, trace out for yourselves sulcus after 
sulcus and convolution after convolution. 

The primarily lens-shaped hemispheres grow, as you know, 
toward the front and backward. Only in the middle, at a point 
corresponding to the corpus striatum within, the surface does 
not expand as rapidly, and, hence, becomes more depressed than 
the surrounding parts. The depression which thus exists near 
the point of origin of the hemispheres is called the fossa or 
fissure of Sylvius, and that part which lies in the depression the 
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island of Reil. The island is, therefore, that part of the cortex 
which immediately adjoins the ganglia of the cerebrum, At 
■first it lies on the surface, but little by httle it is covered in by ■ 
the overlapping hemispheres. 

You will easily find the fissure of Sylvius in the adtilt 

brain. It is the largest of the sulci, and on separating its walls 

■ you will discover the island, and see that it is traversed by a 

number of perpendicular and oblique sulci. In the sixth month 




The Left 1iem<si>lierevritti tlieflsaur? of Sylvius drawn apart in order tnslinwtlie con- 
volutlmis in tlio island nf Rcil (In). Se, aulooa centralifl; (.'en, Gcp. gym» oentrali», 
Ulterior ajiil poaterlot; J^bp, Bbsui-b. parteto-occii)ltaljs, (Alter Henle.) 

of pregnancy the two divisions of the fissure of Sylvius — tite ^ 
anterior and posterior — are plainly to be seen. All tlie rest of 
the brain is still smooth. (Compare Fig, 7.) 

After tliis period, furrows (sulci or fissures) are developed, 
on the siuface of the hemispheres by means of local elevations I 
which increase more and more during the later montlis of fcetal | 
lite until birth, at which time almost all the fissures and convo- I 
lutions whicli the adult brain ivill possess are clearly marked out. j 

The following purely diagrammatic drawings may serve as 
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a guide in your study of the surface of the bi'aiii. Only the 
most important constant convolutions and fissures are therein 
considered. The simple diagram of Ecker, of which they are 
reproductions, impresses itself more easily on the memory than 
a representation of a real brain which shows all the shallower 
fissures, wliich are inconstant, alongside the deeper and more 
constant ones. 

First, let us look up the fissure of Sylvius; it divides the 




Latera] view of the brain. The ( 



gi-eater part of the temporal lobe from the rest of the brain. We 
can observe two branches — a long anteiiorand a short posterior 
and ascending branch. The mass of brain which lies at their 
junction and covers the island is called the operculum. If we 
separate those portions of tlie brain which surround the fissure 
of Sylvius, as is done in Fig. 27, the island lies in full view. We 
see that it is traversed by a deep fissure, passing obliquely 
upward and backward, — the sulcus centralis insulse,— which 
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divides it into two lobules. The anterior lobule is divided by 
several perpendicular fissures into 3-4 gyri breves insulse. The j 
posterior lobule is, apparently, one siuglc longer convolution, — ' 
the gyrus longus. It bordere directly on the t^-mporal lobe. In 
the operculum there begins an important fissure which ascends 
to the margin of the hemispiiere, but is separated from the latter, 
as well as from the fissure of Sylvius, by brain-substJince. This | 
is the sulcus centralis, or central fissure. Observe it in Fig. 28; 
it divides the frontal from tlie parietal lobe. All that lies below J 
the fissure of Sylvius is called the temporal lobe. In front of 
the central fissure lies the anterior central convolution ; beliind \ 
it, the posterior central convolution.* 

The region in front of the anterior central convohition, the I 
frontal lobe, is divided by ttt'o fissures, the sui>erior and inferior J 
frontal fissures, into three convolutions, — superior, middle, and 1 
inferior frontal convolutions. These are not always sharply 
defined along the whole length of the frontal lobe, inasmuch as 
the frontal fissures are often intemipted in their course by jilis 
(Je passage. You will easily discover those three divisions of the 
frontal lobe lying next to each other in all brains, and will 
observe that the lower frontal convolution (also called third 
frontal convolution) takes part in forming the operculum. Very 
often there is found at the posterior end of the inferior frontal 
fissure another fissure at right angles to it, which bounds the 
anterior central convolution in front and is called the prse-central 
fissure. 

ITlie lower frontal convolution is broader in Europeans than In other races. 
In tlie bruin of Gambttta, wbo was a great orator, it was twlca iis bioad as usual.] 

The temporal lobe is tra^'ersed by several fissures, which run 
parallel to the fissure of Sylvius and divide the lobe more or 
less sharply into an upper (or first), a middle (or second), and a 
lower (or third) temporal convolution. Generally only the two 
first of these are clearly distinguishable thi'oughout their whole 
length. 
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Obsei've now the region caudad of the central fissure and 
above the temporal lobe. It is called the parietal lobe. It is 
divided into a superior and an inferior parietal lobe by a sulcus, 
wliich passes in a curve around the end of the fissure of Sylvius 
and the end of the first temporal fissure, and is called the inter- 
parietal fissure. There is nothing to mark the division between 
the superior parietal lobe and the posterior central convolution, 
unless, as often happens, a branch of the interparietal fissure 




(After Eckcr.) 



passes upward toward the margin of the hemisphere. In this 
case, of course, the connecting convolution is much narrower. 

That part of the inferior parietal lobe which surrounds the 
fissure of Sylvius is called the gyrus marginalis.* 

The part lying just back of this, and arcliing ai-ound tlie 
end of the superior temporal fissure is called the gyrus angu- 
laris. The former you will discover at once in every brain ; the 

•Marked "G. »opra-marB'nalia " In the cut (Fig. 28). 
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The nerve-substance proper which fills out the spaces in the 
above-described net-work consists of ganglion-cells and nerve- 
fibres. 

The form of the ganglion-cells is extremely varied. Round- 
ish, almost spherical bodies of small size are seen, together with , 
multipolar cells with many processes, and twenty times the size 
of the smaller cells. 




axlB-cfllDderi p, protoplasmic 



In the lobus nervi vagi ol' the torpedo and in the medulla 
oblongata of the river lamprey are found such enormous ganglion- 
cells tliat they can readily be seen witli the naked eye. In the 
spinal cord of the electric eel, the malaterus, are two isolated 
ganglion-cells of such a size that the huge single nerve-fibre 
which each gives off is sufficient to supply the very lai^ eleo- 
tiic organ of the animal. 
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The nerve-fibres arise from tlio ganglion-cells. R. Wagner 
first showed that but a single process of these cells could be 
traced directly into the nerve, and other investigators have con- 
firmed this. The relations which the other processes of a midti- 
polar cell and the processes of the cells which do not possess this 
"axis-cylinder" process have to the nerve-fibres remüiiu'tl in 
darkness until Gcrlach, in 1870, showed that these processes 
form a net-work with each otlier, and that from this net-work 
nerves arise. It is only 
during the course of the 
past year that Bellonci first, 
and later, in a still moie 
convincuig manner, Golgi 
and liela Haller succeeded 
in showing the method ot 
origin of nerve-fibres iiom 
the central ganglionic cells 
Golgl conducted his investi- 
gations on the corttx of 
human beings and of other 
animals, and, by frequent 
combinations of very com- 
plicated microsco])ical pic- 
tures, arrived at the same 
conclusions with Haller, 
who worked on raoUusks, 
where the conditions were 
more simple, and the relations could be plainly seen. Tlie most 
important of these discoveries, which, moreover, have been con- 
firmed for other parts of the central nervous system by Golgi's 
pupils, is the now well-established fact that tlie nerve-fibres arise 
from the cells of the central nervous system in two ways; that 
there is a direct and an indirect origin of nerves. 

The former we have already mentioned as having been dis- 
covered by AVagncr. The axis-cylinder process of a ganglion-cell 
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passes directly into a nerve-fibre. Recent investigations have 
sliowii that befure passing off it gives rise to minute fibrils, 
which fovra a fine net-work. This direct form nl' uorve-origin 
has been recognized in the great pyramidal cells of the cortex, 
and in the cells of Piirkhije iii the cerebellum, in the nuclei of 
the motor nerves in the brain and spinal cord, and in other places. 

In many other cells, however, the processes, soon after 
leaving tlie cells, break up to fonn a fine net-work, wldcli re- 
ceii'es, also, the lateral fibrils of tiie axis-cylinder processes 
before mentioned, and from this net-work tlie nerve takes its 
origin. Tliis net-work may contain the offshoots of a great 
number of ganglion-cells. In the accompanying section through 
the pleural ganglion of a snail you may see both methods of 
nerve-origin taking place side by side (Fig. 24). 

What part is played by the cell processes which do not 
become connected with the nervous system — Golgi calls them 
protoplasmic processes — is not yet determined. There is ground 1 
for believing that they are connected with the fine net-ivork 
composed partly of glia and partly of connective tissue, which 
surrounds the blood- and lymph- vessels of the central nervous 
system ; that is, that they bear some relation to the nutrition of ' 
the cells themselves. The fact that this fine net-work, which 
consists of all tlfese processes of ganglion- and glia- cells, is so 
difficult to disentangle lias naturally led to other views as to its 
composition than the one I have given you, but it is important : 
to notice that all the later authors, whatever their dift'erences of 
opinion in regard to the net-work (Leydig, Nassen), have ob- 
served the double method of origin of nerve-fibres. 

It is probable that the difference in origin denotes a difier- 
ence in function. We know that the motor roots of a peripheral 
nerve arise directly from the axis-cylinder of the cells, and it 
was in the sensory posterior roots that Gerlach observed the 
breaking up of the nerves into this minute net-work. The in- 
vestigations of His, to which I referred in the last lecture, hear 
out the views we have adopted. 
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The nerve-fibres in the brain and spinal cord are of varjing 
size in adult mammals, and all are probably surrounded with 
medullai-y sheaths. 

Eveiy nerve-fibre, as it enters the central organ, loses its 
sheath of Schwann. Only a thin layer, fii-st seen by Eauvier, 
and which is present even in i>eripheral nerves, is left to cover 
the nerve-marrow after it enters the brain or spinal cord. 

In geneml, tlic parts which consist only of medullary fibres 
appear white (white substance); those composed mainly of 
A B c ^ ^ 




neuroglia, axis-cylinder, and ganglion-cells, gi-ay (gi"ay matter). 
The gray matter is more vascular than the wliite. During life 
it exhibits, in the presence of sensitive reagents, a sMghtly acid 
reaction. 

We owe our first accurate knowledge of tlie histology of tlie central nervous 
Byatem, as was slaled in tlie first lecture, to Elirenberg, Remak, and Hannover. 
After Hannover, Helmholz, in 1842, recognized in invenel) rates the true relations 
between ganglion -eel Is and nurve-flbrea. In 1844, Kölliker discovered that a 
double-contoured nsrvc might arise from a cell. In 1850 Rudolph Wagner dis- 
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covered, in working on the electric organ of the torpedo, that a single ganglion- 
cell may send out two sorts of processes, of which only one, the axis-cylinder 
process, is continued into a nerve ; and in 1854 Remak observed the same thing 
in the great ganglion-cells of the spinal cord. Deiters, in 1865, proved that this 
was true of all ganglion-cells. Our knowledge of these conditions has been in- 
creased by the labors of Gerlach, Max Schultze, Waldeyer, Jolly, A. Key and G. 
Retzius, Betz, Bevan Lewis, Obersteiner, Freud, and many others. So many 
have turned their attention and eflfbrts to this most difficult region of histology 
that a memoir which appeared at the beginning of 1887 (Napsen) enumerated 
841 works on nerve-fibres and ganglion-cells. More recent and profound works 
on the neuroglia are those of Boll, Ranvier, and Gierke. 




LECTURE IV. 

THE CONVOLUTIONS AND FISSURES OF THE SURFACE OF THE 

CEREBRUM. 

Gentlemen : It is not so very long ago that the study of 
the structure of the brain surface possessed very little interest 
for the anatomist and none at all for the practicing physician. 
Nor is it a very long time since order was brought out of the 
seeming chaos of the convolutions of the braui, so that clear and 
definite cuts have taken the place of the old plates, concerning 
which an author pertinently remarked that 
they were a better representation of a dish of 
macaroni than of the brain. Interest was first 
awakened in regard to the human brain after 
physiology and pathology had shown the dif- 
ferent results of irritation, extirpation, and Brain ot^human embryo 
disease, varying according to the different ° is weeks, 

convolutions attacked. It is, therefore, of importance, gentlemen, 
that you learn to know thoroughly the arrangement of these con- 
volutions and the course of the fissures which separate them. 
By word and diagram alone it will be impossible for me to make 
you as thoroughly acquainted with these structures as you should 
be. Here again it is necessary for you to take a fresh brain, 
and, following my lecture, trace out for yourselves sulcus after 
sulcus and convolution after convolution. 

The primarily lens-shaped hemispheres grow, as you know, 
toward the front and backward. Only in the middle, at a point 
corresponding to the corpus striatum within, the surface does 
not expand as rapidly, and, hence, becomes more depressed than 
the surrounding parts. The depression which thus exists near 
the point of origin of the hemispheres is called the fossa or 
fissure of Sylvius, and that part which lies in the depression the 

(45) 
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island ol' Reil. The island is, therefore, that part of the cortex 
which immediately adjoins the gangha of the cerehrum. At 
first it hes on the surface, but little by little it is covered in by 
the overlapping hemispheres. 

Yon will easily find the fissure of Sylvius in the adult 

brain. It is the lary;est of tlie sulci, and on separating its walls 

. you will discover the island, and see that it is traversed by a 

number of perpendicular and oblique sulci. In the sixth month 

ttrp 




apart In onlBr t<> fibow the a 



of pregnancy the two divisions of the fissure of Sylvias — the 
anterior and ])osterior — are plainly to be seen. ^■Ul the rest of 
the brain is still smooth. (Compare Fig. 7.) 

After this period, furrows (sulci or fissures) are developed 
on the surface of the hemispheres by means of local elevations 
wliich increase more and more during the later moutlis of fcetal 
life until birth, at which time almost all the fissures and convo- 
lutions whicli the adult brain will possess are clearly marked out. 

Tlie following purely diagrammatic drawings may serve as 



CONVOLUTIONS AND HSSURES OF SUKrACE OF CEREBRUM. 47 

a guide in your study of the surface of the braUi. Only the 
most important constant convolutions and fissures are therein 
considered. The simple diagram of Ecker, of which they are 
reproductions, impresses itself more easily on the memory than 
a representation of a real brain which shows all the shallower 
fissures, which are inconstant, alongside the deeper and more 
constant ones. 

First, let us look up the fissure of Sylvius ; it divides the 




Lateral view of the bralii. The i 



greater part of the temporal lobe from the rest of the bmin. We 
can observe two branches — a long anterior and a short posterior 
and ascending branch. The mass of brain which lies at their 
junction and covers the island is called the operculum. If we 
separate those portions of the brain which sunound the fissure 
of Sylvius, as is done in Fig. 27, the island lies in full view. We 
see that it is traversed by a deep fissure, passing obliquely 
upward and backward, — the sulcus centralis insiU«, — wliich 
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divides it into two lobules. The anterior lobule is divided by 
several perpendicular fissures into 3-4 gyn breves insulEe. The 
posterior lobule is, apiiarently, one single longer convolution, — 
the gyrus lougus. It borders directly on the temporal lobe. In , 
the operculum there begins an important fissure which ascends 
to the margin of the hemispliere, but is separated from the latter, 
as well as from the fissure of Sylvius, by brain-siibstance. This \ 
is the sulcus centralis, or central fissure. Observe it in Fig. 28 ; ' 
it divides the frontal from the parietal lobe. All tliat lies below 
the fissure of Sylvius is called tiie temporal lobe. In front of 
tlie central fissure lies the anterior central convohition ; behind 
it, the posterior central convolution.* 

Tlie region in front of the anterior central coniohition, the 
frontal lobe, is divided by two fissures, the superior and inferior 
frontal fissures, into three convolutions, — superior, middle, and 
inferior I'rontal convolutions. These are not always sharply 
defined along the whole length of the frontal lobe, inasmuch as I 
the frontal fissures are often inteiTupted in tliciv course hy plia \ 
de passage. You will easily discover these three divisions of the ' 
frontal lobe lying next to each other in all brains, and will 
observe that the lower frontal convolution (also called thii-d 
frontal convolution) takes part in forming the operculum. Veiy 
often there is found at the posterior end of tlie inferior frontal 
fissure another fissure at right angles to it, which bounds the 
anterior centml convolution in front and is called the prte-central 
fissure. 



[The lower frontal convolution is liroader ii 
Itt the bruin of Gambetia, who waa a great orator, 



Europeans than in otiier ruce». 
it waa twice as broad as usoal. ] 



The temporal lobe is traversed by several fissures, which run 
parallel to the fissure of Sylvius and divide the lobe more or 
less shariily into an upper (or first), a middle (or second), and a 
lower (or third) temporal convolution. Generally only the two i 
first of these are clearly distinguishable throughout their whc^e ' 
length. 
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Observe now the region caudad of the central fissure and 
above the temporal lobe. It is called the parietal lobe. It is 
divided into a superior and an inferior parietal lobe by a sulcus, 
which passes in a curve around the end of the fissuie of Sylvius 
and the end of the first temporal fissure, and is called the inter- 
[larietal fissure. There is nothing to mark the division between 
the superior parietal lobe and the posterior central convolution, 
unless, as often happens, a branch of the interparietal fissure 




Lateral view of the brain. For explanation, see Fig. 28. (After Eoker.) 

passes upward toward the margin of the hemisphere. In this 
case, of course, the connecting convolution is much nanower. 

That part of the inferior parietal lobe which surrounds the 
fissure of Sylvius is called the gyrus marginalis.* 

The part lying just back of this, and arching around the 
end of the superior temporal fissure is called the gyrus angu- 
laris. The former you will discover at once in every brain ; the 

•Marked "O. aupra-marglnalls " ia tlie cut (Fig. 2A). 
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The nerve-substance projier which fills oat the spaces in the 
above-described net-work consists of ganglion-cells and nerve- 
fibres. 

The form of the ganglion-cells is extremely varied. Round- 
ish, almost spherical bodies of small size are seen, together with , 
multipolar cells with many processes, and twenty times the size 
of the smaller ceUs. 




From a piece at Bpinal cord . A si 
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In the lobus nervi vagi of the torpedo and in the medulla j 
oblongata of the river lamprey are found such enormous ganglion- 
cells that they can readily be seen with the naked eye. In the I 
spinal cord of the electric eel, the malaterus, are two isolated I 
ganglion-cells of such a size that the huge single ner^'e-fibre 
which each gives off" is sufficient to supply the very large eleo- J 
trie orj^an of the animal. 
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The nerve-fibres arise from the ganglion-cells. R, AV signer 

; first showed that but a single process of these cells could be 
traced directly into the nerve, and other investigators have con- 
firmed this. The relations wliich the other processes of a multi- 
polar cell and the processes of the cells which do not possess this 
"axis-cyliuder" process have to the nerve-fibres remained in 
darkness until Gerlach, in ISli), showed that those processes 
form a net-work with each other, and that from this net-work 
nerves arise. It is only 
during the course of the 
past year that Bellonci first, 
and later, in a still more 
convincing manner, Golgi 
and Bela Hallcr succeeded 
in showing the method of 
origin of nerve-fibres from 
the central ganglionic cells. 
Golgi conducted liis investi- 
gations on the cortex of 
human beings and of other 
animals, and, by frequent 
combinations of very com- 
plicated microscopical pic- 
tures, arrived at the same 

I conclusions with Haller, 
who worked on molhisks, 

I where the conditions were 

I more simple, and the relations could be plainly seen. The most 
important of these discoveries, which, moreover, have been con- 
firmed for other parts of the central nervous system hy Golgi'.s 
pupils, is the now well-established fact that the nerve-fibres arise 
from the cells of the centi'al nervous system in two ways; that 
there is a direct and an indirect origin of nerves. 

The former we have already mentioned as having been dis- 
^L covered by Wagner. The axis-cylinder process of a ganglion-cell 
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passes dii'ectly mto a nerve-fibvp. Recent investigations liave 
sliown tliat before passing off it gives rise to niiiivite fibrils, 
which form a tine net-work. Tliis direct form of nerve-origiu 
has been recognized in the great pyramidal cells of the cortex, 
and in the cells of Pnrkinje in the cerebellum, in tlie nuclei of 
the motor nerves in the brain and spinal cord, and in other places. 

In many other cells, however, the processes, soon after 
leaving the cells, break up to form a fine net-work, which re- 
ceives, also, the lateral fibrils of the axis-cylinder processes 
before mentioned, and from this net-work the nerve takes ita 
origin. This uet^work may contain the offshoots of a great 
number of ganglion-cells. In the accompanying section through ' 
the pleural ganglion of a snail you may see both methods of 
nerve-origin taking place side by side (Fig. 2i). 

What part is played by the cell processes which do not 1 
become connected with the nervous system — Golgi calls them | 
protoplasmic processes — is not yet determined. Tliere is ground j 
for believing that they are connected with the fine net-work | 
composed partly of glia and partly of connective tissue, which 
surrounds t)ie blood- and lymph- vessels of the central nervous 
system ; that is, that they bear some relation to the nutrition of ( 
the cells themselves. The fact that this fine net-work, wliich I 
consists of all tlfcse processes of ganglion- and glia- cells, is so I 
difficult to disentangle has naturally led to other views as to its I 
composition thau the one I have given you, but it is important ] 
to notice that all the later authors, whatever their differences of 
opinion in regard to the net-work (Leydig, Nassen), have ob- I 
served the double method of origin of nerve-fibres. 

It is probable that the difference in origin denotes a differ- 
ence in function. We know that the motor roots of a peripheral I 
nerve arise directly from the axis-cylinder of the cells, and it 1 
was in the sensory posterior roots that Gerlach observed the | 
breaking up of tlie nerves into this minute net-work. The in- 
vestigations of His, to which I referred in the last lecture, beaij 
out the views we have adopted. 
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The nerve-fibres in the brain and spinal cord are of varying 
size in adult mammals, and all are probably surrounded with 
medullai7 sheaths. 

Every nerve-fibre, as it enters the central oi^an, loses its 
sheath of Schwann, only a thin layer, first seen by Ranvier, 
and which is present even in peripheral nerves, is left to cover 
the nerve-manow after it enters the brain or spinal cord. 

In general, the parts which consist only of medullary fibres 
appear white (white substance); those composed mainly of 
C S E 
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neuroglia, axis-cylinder, and ganglion-cells, gray (gray matter). 
The gray matter is more vascular than the white. During life 
it exhibits, in the presence of sensitive reagents, a slightly acid 
reaction. 

We owe our Srst itccuraCe knowledge of the hiatology of the central nervous 
system, as was staled in the flrst leclure, to Ehrenberg, Remak, and Hannover. 
After Hannover, Helmhulz. in 1842. lecognized in invertebrates the true relations 
between ganglioa-cells and Jiurve-fibres. In 1344, Köllikcr discovered that a 
double-contoured nerve nuglit arise from a cell. In 1850 Rudulpli Wagner dis- 
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covered, in working on the electric organ of the torpedo, that a single ganglion- 
cell may send out two sorts of processes, of which only one, the axis-cylinder 
process, is continued into a nerve ; and in 1854 Remak observed the same thing 
in the great ganglion -cells of the spinal cord. Deiters, in 1865, proved that this 
was true of all ganglion-cells. Our knowledge of these conditions has been in- 
creased by the labors of Gerlach, Max Schultze, Waldeyer, Jolly, A. Key and G. 
Retzius, Betz, Bevan Lewis, Obersteiner, Freud, and many others. So many 
have turned their attention and eflforts to this most difficult region of histology 
that a memoir which appeared at the beginning of 1887 (Napsen) enumerated 
341 works on nerve-fibres and ganglion-cells. More recent and profound works 
on the neuroglia are those of Boll, Ranvier, and Gierke. 




LECTURE IV. 

THE CONVOLUTIONS AND FISSURES OF THE SURFACE OF THE 

CEREBRUM. 

Gentlemen : It is not so very long ago that the study of 
the structure of the brain surface possessed very little interest 
for the anatomist and none at all for the practicing physician. 
Nor is it a very long time since order was brought out of the 
seeming chaos of the convolutions of the brahi, so that clear and 
definite cuts have taken the place of the old plates, concerning 
which an author pertinently remarked that 
they were a better representation of a dish of 
macaroni than of the brain. Interest was first 
awakened in regard to the human brain after 
physiology and pathology had shown the dif- 
ferent results of irritation, extirpation, and Brain ot human embryo 

J. • J* J. i.i_ J 'IT i. of 13 weeks. 

disease, varying according to the dinerent 
convolutions attacked. It is, therefore, of importance, gentlemen, 
that you learn to know thoroughly the arrangement of these con- 
volutions and the course of the fissures which separate them. 
By word and diagram alone it will be impossible for me to make 
you as thoroughly acquainted with these structures as you should 
be. Here again it is necessary for you to take a fresh brain, 
and, following my lecture, trace out for yourselves sulcus after 
sulcus and convolution after convolution. 

The primarily lens-shaped hemispheres grow, as you know, 
toward the front and backward. Only in the middle, at a point 
corresponding to the corpus striatum within, the surface does 
not expand as rapidly, and, hence, becomes more depressed than 
the surrounding parts. The depression which thus exists near 
the point of origin of the hemispheres is called the fossa or 
fissure of Sylvius, and that part which lies in the depression the 

(45) 
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island of Reil. The island is, therefore, that part of the cortex 
which immediately adjoins the ganglia of the cerehrum. At 
first it lies on the surface, but little by little it is covered in by , 
the overlapping hemispheres. 

You will easily find t!ie fissure of Sylvius in the adult 
brain. It is the liivjifest of the sulci, and on separating its walls ^ 
■ you will discover the island, and see that it is traversed by a ' 
number of perpendiculiiv and oblique sulci. In the sixth month , 




ire of Sylrtus drawn apart tn onler to ah 
, Se, aulouB reiitiulis; den. Hep, gyru 
parieto-oociiiltoiiB. (After iieulej 



of pregnancy the two divisions of the fissure of Sylvius — the ] 
anterior and posterior — are plainly to be seen. All tlie rest of 
the brain is still smooth. (Compare Fig. 1.) 

After this period, furrows (sulci or fissures) are developed J 
on the surface of the hemispheres by means of local elevations | 
which increase more and more during the later months of foetal n 
life until birth, at which time almost all the fissures and convo- J 
lutions which the adult brain will possess are clearly marked out. ^ 

The following purely diagrammatic drawings may serve s 
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a guide in your study of the surface of the brain. Only the 
most important constant convolutions and fissures are therein 
considered. The simple diagram of Ecker, of which tliey are 
reproductions, impresses itself more easily on the memory than 
a representation of a real >)rain which shows all the shalloivcr 
fissures, which are inconstant, alongside the deeper and more 
constant ones. 

First, let us look up the fissure of Sylvius ; it dii'ides the 




Latent] view of the braii 



greater part of the temporal lobe from the rest of the brain. We 
can observe two branches — a long anterior and a short posterior 
and ascending branch. The mass of brain which lies at their 
junction and covers the island is called the operculum. If we 
separate those portions of tJie brain wliich surround the fissure 
of Sylvius, as is done in Fig. 27, the island lies in full view. We 
see that it is traversed by a deep fissure, passing obliquely 
upward and backwai-d, — the sulcus centralis insulee, — which 
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divides it into two lobules. The anterior lobule is divided by 
several perpendicular fissures into 3—4 gyii breves iiisulse. The 
posterior lobule is, apparently, one single longer convolution, — 
the gyrus longus. It borders directly on the temporal lobe. In 
the operculum there begins an important fissure which ascends 
to tlie margin of the lieraisphere, but is separated from the latter, 
as well as from the fissure of Sylvius, by brain-subsfcince. Thisi 
is the sulcus centralis, or central fissure. Observe it in Fig. 28 ; 
it divides the frontal from the parietal lobe. All tliat lies below 
the fissure of Sylvius is called the temporal lobe. In front of 
tlie central fissure lies the anterior central convolution ; behind 
it, the posterior central convolution,* 

The region in front of the anterior central convolution, the 
frontal lobe, is divided by two fissures, the superior and inferior 
frontal fissures, into three convolutions, — superior, middle, and 
inferior frontal convolutions. These are not always sharply 
defined along the whole length of the frontal lobe, inasmuch as 
the frontal fissures are ollen interrupted in their course by^)?w 
fie passage. You will easily discover these three divisions of the 
frontal lobe lying next to each other in all brains, and will 
observe that the lower frontal convolution (also called third 
frontal convolution) takes part in forming the operculum. Very 
often there is found at the posterior end of the interior frontal 
fissure another fissure at right angles to it, which bounds the 
anterior centml convolution in front and is called the prse-central 



I 
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[The lower fronlal convolution is broader in Europeans than in olher racea. 
Iq the hraiu of GaiiibeLIa, who waa a great orator, it was Iwicu as Lroud us usual. J 

The temporal lobe is traversed by several fissures, which run 
parallel to the fissure of Sylvius and divide the lobe more or 
less sharply into an upper (or first), a middle (or second), and a 
lower (or tliird) temporal convolution. Generally only the two 
first of these are clearly distinguishable throughout their whole I 
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Observe now the region caudad of the central fissure and 
above the temporal lobe. It is called the parietal lobe. It is 
divided into a superior and an inferior parietal lobe by a sulcus, 
which passes in a curve around the end of the fissure of Sylvius 
and the end of the first temporal fissure, and is called the inter- 
parietal fissure. There is nothing to mark the division between 
the superior parietal lobe and the posterior central convolution, 
unless, as often happens, a branch ol' the interparietal fissure 




Lateral view of the brain. For explanation, see FJg. 28. (After Ecker.) 

passes upward toward the margin of the hemisphere. In this 
case, of course, the connecting convolution is much narrower. 

That part of the inferior parietal lobe which surrounds the 
fissure of Sylvius is called the gyrus marginalis.* 

The part lying just back of this, and arcliing around the 
end of the superior temporal fissure is called the gyrus angu- 
laris. The former you will discover at once in every brain ; the 
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passes directly into a netve-fibre. Recent investigations Iiave 
shown tliat before passing off it gives rise to minute fibrils, 
wliieh form a fine neUwork. Tliis direct form of nerve-origin | 
has been recognized ui the great pyramidal cells of tlie cortex, 
and in the cells of Purlfinje in the cerebellnm, in the nuclei of 
the motor nerves in the bmiii and spinal cord, and in other places. 

In many other cells, however, the processes, soon after I 
leaving the cells, break up to form a fine net-work, which re- , 
ceives, also, the lateral fibrils of the axis-cylinder processes ' 
before mentioned, and from this net-work the nerve takes its i 
origin. Tliis netrwork may contain the offshoots of a great 
number of ganglion-cells. In the accompanying section through 
the pleural ganglion of a snail you may see both methods of , 
nerve-origin taking place side by side (Fig. 24:). 

What part is played by the cell processes which do not J 
become connected with the nervous system — Golgi calls them [ 
protoplasmic processes — is not yet determined. There is ground 
for believing that they are connected with the fine net-work 
composed partly of glia and partly of connective tissue, which 
surrounds the blood- and lymph- vessels of the central nervous 
system ; that is, that they bear some relation to the iiutritiou of | 
the cells themselves. The fact that this fine net-work, which I 
consists of all tltese processes of ganglion- and glia- cells, is so J 
difficult to disentangle has naturally led to other views as to ita I 
composition than the one I have given yon, but it is important J 
to notice that all the later authors, whatever tlieir differences of I 
opinion in regard to the net-work (Leydig, Nassen), have ob" I 
served the double method of origin of nerve-fibres. 

It is probable that the difference in origin denotes a differ- 1 
enee in function. We know that the motor roots of a peripheral I 
nerve arise directly from the axis-cylinder of the cells, and its 
was in the sensory posterior roots that Gcrlach observed the T 
breaking up of the nerves into this minute net-work. The in- 
vestigations of His, to which 1 referred in the last lecture, bear-J 
out the views we have adopted. 
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The nerve-fibres in the brain and spinal cord are of varying 
size in adult mammals, and all are probably surrounded witli 
medullary sheaths. 

Every nerve-fibre, as it enters the central organ, loses its 
sheath of Schwann. Only a thin layer, fii-st seen by Ranvier, 
and vehich is i)resent even in peripheral nerves, is left to cover 
the nerve-manow after it enters the brain or spinal cord. 

In general, the parts which consist only of medullary fibres 
appear white (white substance); those composed mainly of 
C B E 
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neuroglia, axis-cylinder, and ganglion-cells, gray (gray matter). 
The gray matter is more vascular than the white. During life 
it exhibits, in the presence of sensitive reagents, a slightly acid 
reaction. 



e knowledge of tlie histology ot the central nervous 
ByBtem, as was stated In tlie first lecture, to Elirenberg. Rcmak, and Hannover. 
After Hannover, Helmbolz, in 1843, recognized id invertebrates llie true relations 
between gang] ton -cells and nerve-fibres. In 1844, Eolliker discovered that a 
double-contoured nerve iniglit uiise from a celL In 1860 Rudolph Wagner dis- 
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covered, in working on the electric organ of the torpedo, that a single ganglion- 
cell may send out two sorts of processes, of which only one, the axis-cylinder 
process, is continued into a nerve ; and in 1854 Remak observed the same thing 
in the great ganglion -cells of the spinal cord. Deiters, in 1865, proved that this 
was true of all ganglion-cells. Our knowledge of these conditions has been in- 
creased by the labors of Gerlach, Max Schultze, Waldeyer, Jolly, A. Key and G. 
Retzius, Betz, Bevan Lewis, Obersteiner, Freud, and many others. So many 
have turned their attention and efforts to this most difficult region of histology 
that a memoir which appeared at the beginning of 1887 (Napsen) enumerated 
341 works on nerve-fibres and ganglion-cells. More recent and profound works 
on the neuroglia are those of Boll, Ranvier, and Gierke. 




LECTURE IV. 

THE CONVOLUTIONS AND FISSURES OF THE SURFACE OF THE 

CEREBRUM. 

Gentlemen : It is not so very long ago that the study of 
the structure of the brain surface possessed very little interest 
for the anatomist and none at all for the practicing physician. 
Nor is it a very long time since order was brought out of the 
seeming chaos of the convolutions of the brain, so that clear and 
definite cuts have taken the place of the old plates, concerning 
which an author pertinently remarked that 
they were a better representation of a dish of 
macaroni than of the brain. Interest was first 
awakened in regard to the human brain after 
physiology and pathology had shown the dif- 
ferent results of irritation, extirpation, and Brain of^himmn embryo 
disease, varying according to the different 
convolutions attacked. It is, therefore, of importance, gentlemen, 
that you learn to know thoroughly the arrangement of these con- 
volutions and the course of the fissures which separate them. 
By word and diagram alone it will be impossible for me to make 
you as thoroughly acquainted with these structures as you should 
be. Here again it is necessary for you to take a fresh brain, 
and, following my lecture, trace out for yourselves sulcus after 
sulcus and convolution after convolution. 

The primarily lens-shaped hemispheres grow, as you know, 
toward the front and backward. Only in the middle, at a point 
corresponding to the corpus striatum within, the surface does 
not expand as rapidly, and, hence, becomes more depressed than 
the surrounding parts. The depression which thus exists near 
the point of origin of the hemispheres is called the fossa or 
fissure of Sylvius, and that part which lies in the depression the 

(45) 
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island of Reil. The island is, therefore, that part of the cortex 
which immediately adjoins the ganglia of the cerehrum. At 
first it lies on tlie surface, but little by little it is covered in by 
the overlapping hemispheres. 

You will easily find the fissure of Sylvius in the adult 

brain. It is the largest of tlie sulci, and on separating its walls 

■ yon will discover the island, and see that it is ti'aversed by a 

number of perpendicular and oblique sulci. In the sixth month 
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of pregnancy the two divisions of the fissure of Sylvius — the 
anterior and posterior — are plainly to be seen. All the rest of 
the brain is still smooth. (Compare Fig. 7.) 

Arter this period, furrows (sulci or fissures) are developed 
on the siuface of the hemispheres by means of local elevations 
which increase more and more during the later months of foetal 
life until birth, at which time almost all the fissures and convo- 
lutions which the adult brain will possess are clearly marked out. 

The following purely diagrammatic di'awings may serve as 
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a guide in your study of the surface of the brahi. Only the 
most important constant convolutions and fissures are therein 
considered. The simple diagram of Ecker, of which they are 
reproductions, impresses itself more easily on the memory than 
a representation of a real brain which shows all the shallower 
fissures, which are inconstant, alongside the deeper and more 
constant ones. 

First, let us look up the fissure of Sylvius ; it divides the 




Fig. 28. 

Lateral view of the brain. The convolutions and lobes are marked in Roman letters, the 

fissures and sulci in italics. (After Ecker.) 

greater part of the temporal lobe from the rest of the brain. We 
can observe two branches — a long anterior and a short posterior 
and ascending branch. The mass of brain which lies at their 
junction and covers the island is called the operculum. If we 
separate those portions of the brain which surround the fissure 
of Sylvius, as is done in Fig. 27, the island lies in full view. We 
see that it is traversed by a deep fissure, passing obliquely 
upward and backward, — the sulcus centralis insulae, — which 
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latter jou will have to be at some pains to distinguish. Yoa I 
will find it in the space which is bounded above by the inter-l 
parietal fissure and below by the suiwrior temporal fissure, its'! 
posterior portion, indeed, sniTounding the end of the latter. 

Do not always expect, gentlemen, to find the interparietal I 
fissure ranning its whole course without a break. Often enough I 
it is broken into two or more parts by ^*?fcs de jmssage, whicUw 
are usually found in its posterior third. Its posterior portion 
extends iuto the occipital lobe, 

This occipital lobe is not in all bi-ains so uniformly divided^ 
by its sulci that ive can always! 
find the three coni'olutiom 
described by writers, viz., first 
(upper), second (middle), andj 
third (lower) occipital convolii-T 
tions, easily and without arti-l 
ficial refinement. 

It is often separated froiB 
the parietal lobe by an add 
tional occipital fissure (nou 
shown in the figure), which; 
passes up perpendicularly be-l 
hind the gyrus angularis. | 
«m.i™«,t Point whin tk. ton-Lndn sod ffiW-imin The line of division from the; 

temporal lobe is a horizoht^ 
fissure, appearing like a coiitinuation of the inferior tempors 
fissure, and called the inferior occipital sulcus. The angle heM 
tween these occasionally continuous fissures bounds the tempore 
lobe. At the upper and anterior part it is continuous with tb 
parietal lobe. This connection is divided into the bridging con- 
volutions by the interparietal fissure, which passes through i|| 
longitudinally. 

After noting all these convolutions and fissures, divide th^ 
brain into halves by cutting down through tlie great fissure an 
study the median surface. 




■pphere. sTiuwn in Fig. 7. 

, -hsTienili 

into the 
ornix. The latter, no 
üdultnry&ftecUlrUi. 
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The most important parts of tlic median hemisphere-wall 
have been described in the preceding lecture, while we were 
studying its development. I will only remind you that we then 
learned that the margin of the hemisphere thickened into the 
fornix, followed the giowing hemisphere in a curve ; that for- 
ward, where the corpus callosum passes through, that portion 
' of the inner wall which lies between the latter and the fornix, 
remains as the septum pellucidum. 

Taught thus by the history of its development, you will 




FliJ. SI. 
Sagittal BBCtlDa thrunRli the middle ot an adult brain. Tbc posteiiar portdon of the 
halainuB, the peduuculus oetebri, etc.. bare heea reniuToc] In order to snowttie Inner 
urfiHie of the lemporol lube. 

"" understand the sections made through the adult brain. In the 
specimen from which Fig. 31 is taken, as well as in the embry- 
onal brain (Fig. 30), all parts lying caudad of the middle of the 
thalamus are cut oiF, because they cover the under side of the 

! temporal lobe and prevent us from following up the course of 

r the fornix. 

Now, on the longitudinal section, you see in the centre the 
inter-brain, or, rather, the thalamus, which has developed from 

I its lateral wall. Along the boundary between it and the cere- 

, brum lies the curved margin of the hemisphere, thickened to a 
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covered, in working on the electric organ of the torpedo, that a single ganglion- 
cell may send out two sorts of proc^ses, of which only one, the axis-cylinder 
process, is continued into a nerve ; and in 1854 Remak observed the same thing 
in the great ganglion-cells of the spinal cord. Deiters, in 1865, proved that this 
was true of all ganglion-cells. Our knowledge of these conditions has been in- 
creased by the labors of Gerlach, Max Schultze, Waldeyer, Jolly, A. Key and G. 
Retzius, Betz, Bevan Lewis, Obersteiner, Freud, and many others. So many 
have turned their attention and efforts to this most difficult region of histology 
that a memoir which appeared at the beginning of 1887 (Napsen) enumerated 
341 works on nerve-fibres and ganglion-cells. More recent and profound works 
on the neuroglia are those of Boll, Ran vier, and Gierke. 




LECTURE IV. 

THE CONVOLUTIONS AND FISSURES OF THE SURFACE OF THE 

CEREBRUM. 

Gentlemen : It is not so very long ago that the study of 
the structure of the brain surface possessed very little interest 
for the anatomist and none at all for the practicing physician. 
Nor is it a very long time since order was brought out of the 
seeming chaos of the convolutions of the brain, so that clear and 
definite cuts have taken the place of the old plates, concerning 
which an author pertinently remarked that 
they were a better representation of a dish of 
macaroni than of the brain. Interest was first 
awakened in regard to the human brain after 
physiology and pathology had shown the dif- 
ferent results of irritation, extirpation, and Brain ot^human embryo 
disease, varying according to the different 
convolutions attacked. It is, therefore, of importance, gentlemen, 
that you learn to know thoroughly the arrangement of these con- 
volutions and the course of the fissures which separate them. 
By word and diagram alone it will be impossible for me to make 
you as thoroughly acquainted with these structures as you should 
be. Here again it is necessary for you to take a fresh brain, 
and, following my lecture, trace out for yourselves sulcus after 
sulcus and convolution after convolution. 

The primarily lens-shaped hemispheres grow, as you know, 
toward the front and backward. Only in the middle, at a point 
corresponding to the corpus striatum within, the surface does 
not expand as rapidly, and, hence, becomes more depressed than 
the surrounding parts. The depression which thus exists near 
the point of origin of the hemispheres is called the fossa or 
fissure of Sylvius, and that part which lies in the depression the 

(45) 
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island of Reil. The island is, therefore, tliat part of the cortex 
which immediately adjoins the ganglia of the cerehrum. At 
first it lies on the surface, but little by little it is covered in by 
the overlapping hemispheres. 

You will easily find tiie fissiu'c of Sylvius in the adult 
brain. It is the largest of the sulci, and on separating its walls 
• you will discover the island, and see that it is traversed by a 
number of perpendicular and oblique sulci. In the sixth month , 




The left hemiBiilicrewitli the fiSHure ot Sylvius draitn »part In ortler In show the Oim- 
VDlutioiiB in ibe lalaiid nS Reil (.lit). Se, ta\ea» centralis; Oen. Gcp, gyrna ceatralU, 
anterlot and in>stei'lcir i f\yp. fiasnra iiarieto-ocuipltoliB. (After Uetilc) 

of pregnancy the two divisions of the fissure of Sylvius — the \ 
anterior and posterior — are plainly to be seen. All the rest of , 
the brain is still smooth. (Compare Fig, 7.) 

Alter this period, furrows (sulci or fissures) are developed J 
on the suiface of the hemispheres by means of local elevations I 
which increase more and more during the later months of foetal j 
life until birth, at which time almost all the fissures and convo- j 
lutions which the adult brain will possess are clearly marked out. i 

The following purely diagrammatic drawings may serve as 
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a guide in your study of the surface of tlie brain. Only the 
most important constant convolutions and fissures are therein 
considered. The simple diagram of Ecker, of which they are 
reproductions, impresses itself more easily on the memory than 
a representation of a real >>rain which shows all the shallower 
fissures, which are inconstant, alongside the deeper and more 
constant ones. 

First, let us look up the fissure of Sylvius ; it divides the 




latetal view of (he brain. The oonvoliit 
lisBiires and sulci 1 

greater part of the temporal lobe from the rest of the brain. We 
can obseiTe two branches — a long anterior and a short posterior 
and ascending branch. The mass of brain which lies at their 
junction and covers the island is called the opercidum. If we 
separate those portions of the brain which surround the fissure 
of Sylvius, as is done in Fig. 27, the island lies in full view. We 
see that it is traversed by a deep fissure, passing obliquely 
upward and backward, — the sulcus centralis insulse, — which 
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divides it into two lobules. The anterior lobule is divided by 
several perpendicular fissures into 3-4 gyii breves insulte. The 
posterior lobule is, apparently, one single longer convolution, — 
tlie gyrus longus. It borders directly on the temporal lobe. In 
the operculum there begins an important assure which ascends 
to the margin of the liemispliere, but is separated from the latter, 
lis well as from the fissure of Sylvius, by bi-ain-substance. This 
is the sulcus centralis, or central fissure. Observe it in Fig. 28; 
it divides the frontal from the parietal lobe. All that lies below 
the fissure of Sylvius is called tlie temporal lobe. In front of 
the central fissure lies the anterior centi"al convolution ; beliind 
it, the posterior central convolution.* 

The region in front of the anterior central convolution, the 
frontal lobe, is di\'ided by two fissures, the superior and inferior 
frontal fissures, into three convolutions, — superior, middle, and 
inferior frontal convolutions. These are not always sharply 
defined along the whole length of the frontal lobe, inasmuch as 
the frontal fissures are often interrupted in tlioir course by plig 
de jinssiige. You will easily discover these three divisions of the 
frontal lobe lying next to each other in all brains, and wul 
observe that tlie lower frontal convolution (also called tliird 
frontal convolution) takes part in forming the operculum, Veiy 
often there is found at the posterior end of the inferior frontal 
fissure another fissure at right angles to it, which bounds the 
anterior central convolution in front and is called the prije-central 
fissure. 

n Eitropeans than in other races. 
, it tvuslwice as briNid HsuBiia.1.] * 

The temporal lobe is traversed by several fissures, which run ] 
pamllel to the fissure of Sylvius and divide tlie lobe more or 
less sharply into an upper (or first), a middle (or second), and a 
lower (or third) temporal convolution. Generally only the two J 
first of these are clearly distinguishable throughout their whole ■{ 
length. 

.e Frsnch wrilera. 
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Observe now the region caudad of the central fissure and 
above the temporal lobe. It is called the parietal lobe. It is 
divided into a superior and an inferior parietal lobe by a sulcus, 
which passes in a curve around the end of the fissure of Sylvius 
and the end of the first temporal fissure, and is called the inter- 
parietal fissure. There is nothing to mark the division between 
the superior parietal lobe and the posterior central convolution, 
unless, as often happens, a branch of the interparietal fissure 




>;'» 



Fig. 29. • 
Lateral view of the brain. For explanation, see Fig. 28. (After Ecker.) 

passes upward toward the margin of the hemisphere. In this 
case, of course, the connecting convolution is much narrower. 

That part of the inferior parietal lobe which surrounds the 
fissure of Sylvius is called the gyrus marginalis.* 

The part lying just back of this, and arching around the 
end of the superior temporal fissure is called the gyrus angu- 
laris. The former you will discover at once in every brain ; the 

* Marked "G. supra-marginalis " in the cut (Fig. 28). 

4 
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Tlie nerve-substance proper which fills out the spaces in the 
above-described net-work consists of ganglion-cells and nerve- 
fibres. 

The form of the ganglion-cells is extremely varied. Round- 
ish, nlmost spherical bodies of small size are seen, together with , 
multipolar cells witli many processes, and twenty times the size 
of the smaller cells. 




From a piece of ipinat cnrd. 



'Under; p, protoplaimlo 



, . ..is-cylln 
{After Kajiviur.l 

In the lohus nervi vagi of the torpedo and in the medulla 
oblongata of the river lamprey are found such enormous ganglion- 
cells that they can readily be seen witli the naked eye. In the 
spinal cord of tlie electric eel, the malatenis, are two isolated 
ganglion-cells of such a size that the huge single nerve-fibre 
which each gives ofi" is sufiicient to supply the very large eleo- 
tric organ of the animal. 
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The nerve-fibres arise from the ganglion-cells. K. AVagner 
\ first showed that but a single process of these cells could be 
traced directly into the nerve, and other investigators have con- 
firmed this. The relations which the other processes of a multi- 
polar cell and the processes of the cells which do not possess this 
"axis-cylinder" process Imve to the nerve-fibres remained in 
darkness until Gerlach, in 1870, showed that these processes 
form a net-work with each otiier, and that from this net-work 
neiTes arise. It is only 
during the course of the 
past year that Bellonci first, 
and later, in a still more 
convincing manner, Golgi 
and Bela Haller succeeded 
in showing the method of 
origin of nerve-fibres from 
the central ganglionic cells. 
Golgi conducted his investi- 
gations on the cortex ol' 
human beings and of other 
animals, and, by frequent 
combinations of very com- 
plicated microscopical pic- 
tures, arri\'ed at the same 
conclusions with Haller, 
who worked on moUusks, 
where the conditions were 

more simple, and tlie relations could be plainly seen. The most 
important of these discoveries, which, moreover, have been con- 
firmed for other parts of tlie central nervous system by Golgi's 
pupils, is the now well-established fact tliat the nerve-fibres arise 

Ehe cells of the central neiTous system in two ways; that 
.8 a direct and an indirect origin of nerves. 
'he former we have already mentioned as having been dis- 
d by '\\ ''agner. The axis-cylinder process of a gangliun-ceU 
i 



I 




" Fia.Zl. 

ecttnn throng]] the plAiro-i:erel]Tä1 
le BmareJla. I, net-wurk of iiitrvtBi 
■Us ; a, ueive-flhrea. (Alter Ht-ulo.) 
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passes dii-ectly into a nerve-fibre. Recent investigations have 
shown tliat before passing off it gives rise to minute fibrils, 
whicli form a fine net-work. This direct form of nevve-oiigin 
has been recognized in the great ppmmidal cells of the cortex, 
and in tlie cells of Purkinje in tho eercbelliim, in the nuclei of 
the motor nerves in tlie bmin and spinal cord, and in other places. 

In many other cells, however, the processes, soon after ' 
leaving the cells, break up to form a tine net-work, which re- 
ceives, also, the latt^ral fibrils of tlie axis-cylinder p 
before mentioned, and from this net-work the nerve takes its i 
origin. This uet-work may contain the offslioots of a great ] 
number of ganglion-celle. In the accompanying section through 
the pleural ganglion of a snail you may see both methods of | 
nerve-origin taking place side by side (Fig. 24). 

Wliat part is played by the cell processes which do not J 
become coimected with the nervous system — Goigi calls them 1 
protoplasmic processes — is not yet determined. Tliere is ground ] 
for believing that they are connected with the fine not-work | 
composed partly of gha and partly ol' coinieetive tissue, which | 
surrounds the blood- and lymph- vessels of the central nervous ] 
system ; that is, that they bear some relation to the nutrition of I 
the cells themselves. The fact that this fine net-work, which J 
consists of all tlfBse processes of ganglion- and glia- cells, is so ] 
difficult to disentangle has naturally led to other views as to ital 
composition than tho one I have given you, but it is imi>ortant | 
to notice that all the later authors, whatever their differences of [ 
opinion in regard to the net-work (Leydig, Nassen), have ob- I 
served tho double method of origin of ner\'e-fibi-es. 

It is probable that the difference in origin denotes a differ- j 
ence in function. We know that the motor roots of a peripheral ] 
nerve arise directly from the axis-cylinder of the cells, and it I 
was in the sensory posterior roots that Gerlach observed ' 
breaking up of the nerves into this minute net-work. The i; 
estigations of His, to which I referred in the last lecture, I 
out tlie views we have adopted. 
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The uerve-fibres in the brain and spinal cord are of varying 
size in adult mammals, and all are probably surrounded with 
medullai7 sheaths. 

Every nerve-fibre, as it enters the central organ, loses its 
sheath of Schwann, only a thin layer, fii-st seen by Eanvier, 
and which is present even in peripheral nerves, is left to cover 
the nerve-marrow after it enters tiie brain or spinal cord. 

In general, the parts which consist only of medullary fibres 
appear white (white substance); those composed mainly of 
A B c ^ '^ 

K 




PlO. 25. 






Different nervB-ftbrea igolaled from the spinal cord of 


doR. ea, n 


i9.cylinder 



neuroglia, axis-cylinder, and ganglion-cells, gray (gray matter). 
The gray matter is more vascular than the white. During life 
it exhibits, in the presence of sensitive reagents, a slightly acid 
reaction. 

"We owe our flrst ncciiraite knowledge of the histology of the central nervous 
BJBtem, as w&H staled in the first lecture, to Elirenberg, nemak. and Hannover. 
Afler Hannover, Helmholz, in 1&42, recognized in invertebrates the true relations 
between ganglion-celU and nurve-flbres. In 1844, Kulliker discovered that a. 
double- coQtuured nerve might unss from a cell. In 1850 Rudolph Wagner die- 
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covered, in working on the electric organ of the torpedo, that a single ganglion- 
cell may send out two sorts of proc^ses, of which only one, the axis-cylinder 
process, is continued into a nerve ; and in 1854 Remak observed the same thing 
in the great ganglion -cells of the spinal cord. Deiters, in 1865, proved that this 
was true of all ganglion-cells. Our knowledge of these conditions has been in- 
creased by the labors of Gerlach, Max Schultze, Waldeyer, Jolly, A. Key and G. 
Retzius, Betz, Bevan Lewis, Obersteiner, Freud, and many others. So many 
have turned their attention and efforts to this most difficult region of histology 
that a memoir which appeared at the beginning of 1887 (Napsen) enumerated 
341 works on nerve-fibres and ganglion-cells. More recent and profound works 
on the neuroglia are those of Boll, Ran vier, and Gierke. 




LECTURE IV. 

THE CONVOLUTIONS AND FISSURES OF THE SURFACE OF THE 

CEREBRUM. 

Gentlemen : It is not so very long ago that the study of 
the structure of the brain surface possessed very little interest 
for the anatomist and none at all for the practicing physician. 
Nor is it a very long time since order was brought out of the 
seeming chaos of the convolutions of the brain, so that clear and 
definite cuts have taken the place of the old plates, concerning 
which an author pertinently remarked that 
they were a better representation of a dish of 
macaroni than of the brain. Interest was first 
awakened in regard to the human brain after 
physiology and pathology had shown the dif- 
ferent results of irritation, extirpation, and Brain o7hnn,an embryo 
disease, varying according to the different 
convolutions attacked. It is, therefore, of importance, gentlemen, 
that you learn to know thoroughly the arrangement of these con- 
volutions and the course of the fissures which separate them. 
By word and diagram alone it will be impossible for me to make 
you as thoroughly acquainted with these structures as you should 
be. Here again it is necessary for you to take a fresh brain, 
and, following my lecture, trace out for yourselves sulcus after 
sulcus and convolution after convolution. 

The primarily lens-shaped hemispheres grow, as you know, 
toward the front and backward. Only in the middle, at a point 
corresponding to the corpus striatum within, the surface does 
not expand as rapidly, and, hence, becomes more depressed than 
the surrounding parts. The depression which thus exists near 
the point of origin of the hemispheres is called the fossa or 
fissure of Sylvius, and that part which lies in the depression the 

(45) 
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island of Reil. The island is, therefore, that part of the cortes 
which immediately adjoins the ganglia of the cerebrum. 1 
first it lies on the surface, but little by little it is covered in 1 
the overlapping; hemispheres. 

You will easily find the fissure of Sylvius in the aduK 

brain. It is the largest of the sulci, and on separating its \ 

. you will discover the island, and see that it is traversed by 9 

number of perpendicular and oblique sulci. In the sixth month 




The left liemtBpltere wftli Itie Hssnre of Sylvina drawn 3.part in order tn abow the c( 
volnlions tn the lalond of Reil </nJ. &, suleuB reiitculls; (Sea, Hep. eyrus central 
uiIei'iDf auil pustetlur; Ji\ip, SsBUta iiai'ieta-occiiiltalis, (After Henle.l 

of pregnancy the two divisions of the fissure of Sylvius — Ü. 
anterior and posterior — are plainly to be seen. All the rest o€^ 
the brain is still smooth. (Compare Fig. 7.) 

After this period, furrows (sulci or fissures) are developi 
on the surface of the hemispheres by means of local elevatira 
which increase more and more during the later months of fcBta 
life until birth, at which time almost all the fissures and conv^Jij 
lutions which the adult brain will possess are clearly marked oaiji 

The following purely diagrammatic di'awings may serve 8 
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a guide in your study of the surface of the brain. Only the 
most important constant convolutions and fissures are therein 
considered. The simple diagram of Ecker, of which they are 
reproductions, impresses itself more easily on the memory than 
a representation of a real hrain which shows all the shallower 
fissures, which are inconstant, alongside the deeper and more 
constant ones. 

First, let us look up the fissure of Sylvius ; it divides tlie 




Lateral view of the brain. The cnnvolntione and lobes are marked in Roman lettei-s. the 
flBSiiTesand sulci 1» itallca. (Alter Eckei, ) 

greater part of the temporal lobe from the rest of the brain. We 
can observe two branches — a long anterior and a short posterior 
and ascending branch. The mass of brain which lies at their 
junction and covers the island is called the operculum. If we 
separate those portions of the brain which surround the fissure 
of Sylvius, as is done in Fig. 27, the island lies in full view. We 
see that it is traversed by a deep fissure, passing obliquely 
upward and backward, — the sulcus centralis insulse, — which 
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divides it into two lobules. The anterior lobule is divided by 
several perpendicular fissures into 3-4 gjri breves insulse. The 
posterior lobule is, apparently, one single longer convolution, — 
the gyrus longus. It borders directly on the temporal lobe. In 
the operculum there begins an important fissure which ascends 
to the margin of the hemispliere, but is separated from the latter, 
as well as from the fissure of Sylvius, by brain-substjince. This 
is the sulcus centralis, or central fissure. Obseri'e it in Fig. 28 ; 
it divides the frontal from the parietal lobe. All that lies below 
tlie fissure of Sylvius is called the temporal lobe. In front of 
tiie central fissure lies the anterior central convolution ; behind 
it, the posterior central convolution.* 

Tlie region in front of the anterior rentval convolution, the 
frontal lobe, is divided by two fissures, the superior and inferior 
frontal fissures, into three convolutions, — superior, middle, and 
inferior frontal convolutions. These are not always sharply 
defined along the whole length of the frontal lobe, inasmuch as 
the frontal fissures are often interrupted in their course by plia 
de passage. You will easily discover these three divisions of the 
frontal lobe lying next to each other in all brains, and will 
observe that the lower frontal convolution (also culled thh'd 
frontal convolution) takes part in forming the operculum. Very 
often there is found at the posterior end of the inlerior frontal 
fissure another fissure at right angles to it, which hounds the 
anterior centml convolution in front and is called the prse-central 
fissure. 

[Tlie lower frontal convolution ia broader in Europeans than inotlierraccB. 
In llie bruin of Gaiubetta, wlio was a great orator, it was twice as bi'üa,d as ubuhI.] 

The temporal lobe is traversed by several fissures, which run 
parallel to the fissure of Sylvius and divide the lobe more or 
less sharply into an upper (or first), a middle (or second), and a 
lower (or third) tempoiul convolution. Generally only the two 
first of these are clearly distinguishable throughout their whole 
length. 

j of ttio Freocb v 
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Observe now the region eaudad of the central fissure and 
above the temporal lobe. It is called the parietal lobe. It is 
divided into a superior and an inferior parietal lobe by a sulcus, 
which passes in a curve around the end of tiie fissure of Sylvius 
and the end of the first temporal fissure, and is called the inter- 
l^arietal fissure. Tliere is nothing to mark the division between 
the superior parietal lobe and the posterior central convolution, 
unless, as often happens, a branch of the interparietal fissure 




Lateral view ot the brain. For eiiplaiiation, see Fig. 28. (.\fter Ecket.) 

passes upward toward the margin of the hemisphere. In this 
case, of course, the connecting convolution is much narro\^■cr. 

That part of the inferior parietal lobe which surrounds the 
fissure of Sylvius is called the gyrus marginalis.* 

The part lying just back of this, and arching around the 
end of the superior temporal fissure is called the gyrus angu- 
laris. The former you will discover at once in every brain ; the 

■Marked "Q. Bupra-marglnalis" la tlie cut (Fig. 28). 
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covered, in working on the electric organ of the torpedo, that a single ganglion- 
cell may send out two sorts of proc^ses, of which only one, the axis-cylinder 
process, is continued into a nerve ; and in 1854 Remak observed the same thing 
in the great ganglion-cells of the spinal cord. Deiters, in 1865, proved that this 
was true of all ganglion-cells. Our knowledge of these conditions has been in- 
creased by the labors of Gerlach, Max Schultze, Waldeyer, Jolly, A. Key and G. 
Betzius, Betz, Bevan Lewis, Obersteiner, Freud, and many others. So many 
have turned their attention and efforts to this most difficult region of histology 
that a memoir which appeared at the beginning of 1887 (Napsen) enumerated 
341 works on nerve-flbres and ganglion-cells. More recent and profound works 
on the neuroglia are those of Boll, Ran vier, and Gierke. 




LECTURE IV. 

THE CONVOLUTIONS AND FISSURES OF THE SURFACE OF THE 

CEREBRUM. 

Gentlemen : It is not so very long ago that the study of 
the structure of the brain surface possessed very little interest 
for the anatomist and none at all for the practicing physician. 
Nor is it a very long time since order was brought out of the 
seeming chaos of the convolutions of the brain, so that clear and 
definite cuts have taken the place of the old plates, concerning 
which an author pertinently remarked that 
they were a better representation of a dish of 
macaroni than of the brain. Interest was first 
awakened in regard to the human brain after 
physiology and pathology had shown the dif- 
ferent results of irritation, extirpation, and Brain o/hun,an embryo 
disease, varying according to the different 
convolutions attacked. It is, therefore, of importance, gentlemen, 
that you learn to know thoroughly the arrangement of these con- 
volutions and the course of the fissures which separate them. 
By word and diagram alone it will be impossible for me to make 
you as thoroughly acquainted with these structures as you should 
be. Here again it is necessary for you to take a fresh brain, 
and, following my lecture, trace out for yourselves sulcus after 
sulcus and convolution after convolution. 

The primarily lens-shaped hemispheres grow, as you know, 
toward the front and backward. Only in the middle, at a point 
corresponding to the corpus striatum within, the surface does 
not expand as rapidly, and, hence, becomes more depressed than 
the surrounding parts. The depression which thus exists near 
the point of origin of the hemispheres is called the fossa or 
fissure of Sylvius, and that part which lies in the depression the 

(45) 
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island of Ileil. The island is, therefore, that ^mrt of the cortex 
which immediately adjoins the gaiigha of the ceiehmm. At 
first it lies on the surface, but Üttle by little it is covered in by 
the overlapping hemispheres. 

You will easily find the fissure of Sylvius in the adult 
brain. It is the largest of the sulci, and on separating its walls 
. you ivill discover tlie island, and see that it is traversed by a 
number of perpendicular and oblique sulci. In the sixth month , 




The left liemlapliera with 
volutirinH in tba island rif R«ii unj. oc, sulcus ci'iitrai 
Ulterior aiiiJ poetei'Itir; fop, äesuia iiorletg-oacipl talis. 

of pregnancy the two divisions of the fissure of Sylvius — the I 
anterior and posterior — are plainly to be seen. All the i-est of 
the bmin is still smooth. (Compare Fig. 7.) 

After this period, furrows (sulci or fissures) are developed 1 
on tile surface of the hemispheres by means of local elevations 1 
whicli increase more and more during the later montlis of fcetal ' 
life until birth, at which time almost all the fissures and convo- | 
lutions which the adidt brain will possess are clearly marked out. 

Tlie following purely diagrammatic drawings may serve as 
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a guide in your study of the surface of the brain. Only the 
most important constant con^'olutions and fissures are therein 
considered. The simple diagram of Ecker, of which tliey are 
reproductions, impresses itself more easily on the memory than 
a representation of a real T)rain which shows all the shallower 
fissures, which are inconstant, alongside the deeper and more 
constant ones. 

First, let us look up the fissure of Sylvius; it divides the 




Lateral rlew of It 



itrked in Roman Ictteis. the 



greater part of the temporal lobe from the rest of the brain. We 
can observe two branches — a long anterior and a short posterior 
and ascending branch. The mass of brain which lies at their 
junction and covers the island is called the operculum. If we 
sepamte those portions of the brain which sunound the fissure 
of Sylvius, as is done in Fig. 27, the island lies in full view. AVe 
see that it is traversed by a deep fissure, passing obliquely 
upward and backward, — the sulcus centralis insulse, — which 
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divides it into two lobules. The anterior lobule is divided by 
several perpendicular fissures into 3-4 gyii breves insulae. The 
posterior lobule is, apparently, one single longer convolution, — 
the gyrus longus. It borders directly on the temporal lobe. In 
the operculum there begins au important assure wliich ascends 
to the margin of tlie hemisphere, but is separated from the latter, 
as well as from the fissure of Sylvius, by bratn-substance. This 
is the sulcus centralis, or central fissure. Observe it in Fig. 28 ; 
it divides the frontal from the parietal lobe. All tliat lies below 
the fissure of Sylvius is called the temporal lobe. In front of 
the central fissure lies tlie anterior central convolution ; beliind 
it, the posterior central convolution.* 

The region in front of the anterior central convohition, the 
frontal lobe, is divided by two fissures, the superior and inferior 
frontal fissures, into three convolutions, — stipetior, middle, and 
inferior frontal couvolntions. These are not always sharply 
defined along the whole length of the frontal lobe, inasmuch as 
the frontal fissures are often interrupted in their course by ^j?w 
de jmssnge. You will easily discover these three divisions of the 
frontal lobe lying next to each other in all brains, and will 
observe that ttie lower frontal convolution (also called third 
frontal convolution) takes part in forming the operculum. Very 
often there is found at the posterior end of the inierior frontal 
fissure another fissure at right angles to it, which bounds the 
anterior central convolution in front and is called the prae-central 
fissure. 

[Tlie lower frontal convolution is broader in EuropeaoB than <n otlier races. 
Iq tlio brain of OamlicttB, who waa a great orator, it was twice as broad as usual.] 

The temporal lobe is traversed by several fissures, which run 
parallel to the fissure of Sylvius and divide the lobe more or 
less sharply into an upper (or first), a middle (or second), and a 
lower (or tliii'd) temporal convolution. Generally only the two 
first of these are clearly distinguishable throughout their whole 
length. 
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Observe now the region caudad of the central fissure and 
above the temporal lobe. It is called the parietal lobe. It is 
divided into a superior and an inferior parietal lobe by a sulcus, 
which passes in a curve around the end of the fissure of Sylvius 
and the end of the first temporal fissure, and is called the inter- 
parietal fissure. There is nothing to mark the division between 
the superior parietal lobe and the posterior central convolution, 
unless, as often happens, a branch ol' the interparietal fissure 




Lateral \iev of 



passes upward toward the margin of the hemisphere. In this 
case, of course, the connecting convolution is much narro^ver. 

That part of the inferior parietal lobe which surrounds the 
fissure of Sylvius is called the gyrus marginalis.* 

The part lying just back of this, and arching ai-ound tlie 
end of the superior temporal fissure is called the gyrus angu- 
laris. The former you will discover at once in every brain ; the 

•Marked "Q. aupra-marglnalia " la the cut (Fig. 28(. 
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latter you will have to be at some pains to distinguish. You 
will find it In the space whieli is bounded above by the inter- 
jmrietal fissure and below by the superior temporal fissure, its 
posterior portion, indeed, surrounding the end of tlie latter. 

Do not always expect, gentlemen, to find the interparietal 
fissure running its whole course without a break. Oflen enough 
it is broken into two or more parts by j*?ts de jmssage, wliich 
are usually found in its posterior third. Its posterior poiiiou 
extends into the occipital lobe. 

This occipital lobe is not in all bi-ains so uniformly divided 
by its sulci that we can always 
find the three convolutions 
described by ivriters, viz., first 
(upper), second (middle), and 
third (lower) occipital coni'olti- 
tions, easily and without arti- 
ficial refinement. 

It is often separated from 
the parietal lobe by an addi- 
tional occipital fissure (not 
shown in the figure), which 
passes up perpendicularly be- 
hind the gyrus anmilaris. 
»™.(.-™. p.1.1 .un lb. bn-wu u.i mid-bnin ^hc Imc of divislou from the 
temporal lobe is a horizontal 
fissure, appearing like a continuation of the inferior temporal 
fissure, and called the inferior occipital sulcus. The angle be- 
tween these occa sionally continuous fissures bounds the temporal 
lobe. At the upper and anterior part it is continuous witli the 
])arietal lobe. This connection is divided into the bridging con- 
volutions by the interparietal fissure, which passes through it 
longitudinally. 

Afler noting all these convolutions and fissures, divide the 
brain into halves by cutting down through the great fissure and 
study the median surface. 




nner amecl of ttia emlifyonic hetpl- 
rv eb»wii tn Kls. T. t^howE tlie ioner 
r unnler uf tbe nemisiiliere. which he- 
rn thlckenvd Intn tbe wbiu mednllnry 
If Che fornix. The latter, ho weier, only 
me« meduliatj- after hIrtJi. 
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The most important parts of tlic median hemisphere-wall 
have been described in tlie preceding lecture, while we were 
studying its development. I will only remind you that we then 
learned that the margin of the hemisphere thickened into the 
fornix, followed the growing hemispliere inacuiTe; that for- 
ward, where the corpus callosum passes through, that portion 
of the inner wall wliich lies between the latter and the fornix, 
remains as the septum pcllucidura. 

Taught thus by the history of its development, you will 




understand the sections made through the adult brain. In the 
specimen from which Fig. 31 is taken, as well as in the embry- 
onal brain (Fig, 30), all parts lying caudad of the middle of the 
thalamus are cut off, because they cover the under side of the 
temporal lobe and prevent us from following up the course of 
the fornix. 

Now, on the longitudinal section, you see in the centre the 
inter-bmin, or, rather, the thalamus, which has dei^eloped from 
its lateral wall. Along the boundary between it and the cere- 
brum lies the curved margin of the hemisphere, thickened to a 



LECTCRES ON THE CENTRAL NERTOUS SYSTEM. 

white baud of medullary substance, — the fornix. Near the 
junctiou of the thalamus and mid-brain it rises close to tlie 
base of the brain, passes dorsad as the pulars of the fornix, 
accompanies the margin of the hcmispliere still farther, curves 
around it into the temporal lobe, and ends in the apex of the 
latter. 

, The horizontal mass of transversely divided fibres above it 
belongs to the corpus callosum. In its anterior part you will 
distinguish the knee, in its posteiior part the splenium, and be- 




tween tlie two the body. Between the fornix and the corpus 
callosum lies the triangular field of tlie septum. Besides this, 
you can see, just in front of and below the fornix, the anterior 
commissure, and in tlie middle the commissura media, — both, 
of course, in cross-section. 

That portion of the hemisphere-wall which lies above the 

corpus callosum is traversed by few and rather constant fissures. 

First, parallel with the corpus callosum, is the sulcus calloso- 

riualis. Behind, it turns upward to the crest of the hemi- 

2 and terminates in a little indentation behuid the posterior 
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central convolution. That part lying in front of and above this 
fissure is considered as belonging to the superior frontal convo- 
lution. The convolution between it and the corpus callosum is 
called the gjTus fornicatus. A glance at a specimen, or at our 
cut, shows that the gyrus fornicatus becomes widened posteriorly, 
and passes up over the crest of the hemisphere to become con- 
tinuous with the superior parietal lobe. This widened portion 
is called the praecuneus. Directly m front of the prtecuneus 
"lies a region of tlie cortex which, exteriorly, is continuous with 
toth central convolutions and connects them. It is called the 
paracentral lobide. Posteriorly, the prsecuueus is bounded by a 
deep fissure, wliich usually passes over somewhat to the exterior 
surface of the hemisphere. It is called the parieto-occipital 
fissure. This parieto-occipital fissure sometimes passes beyond 
the inner surface of the brain, and runs out over the outer 
surface as a deep pei'pendicular fissure. This is especially apt 
to occur in the brains of idiots. 

The fissura calcarina joins the parieto-occipital sulcus at 
an acute angle. This fissure lies exactly in the wall of the 
posterior horn of the lateral ventricle, which has been mentioned 
before. The bmin-wall, displaced inward by it, can be seen as 
an elongated swelling in the posterior horn. This swelling is 
known as the calcar avis or pes hippocampi minor. The tii- 
angular portion of cortex inclosed between the fissures last 
described is known as the cuneus. Examine the point of this 
region and, supei'ficially or deeply, you will find a little convo- 
lution connecting it with the gyrus fornicatus, which passes by 
in front of the wedge-shaped cuneus. Notice this comparatively 
narrow part of the gyms fornicatus. You see that it passes on 
as a rapidly-broadening convolution to the apex of the temporal 
lobe, where it ends in a hook-shaped process, — the uncus or gyrus 
iincinatus. This ))art of the gyms fornicatus lying in the tem- 
poral lobe is called the gyrus hippocampi. Posteriorly (as you 
see iu the cut), a small, longish convolution of the occipital lobe 
^K joins the gyrus hippocampi. It is called the lobns lingualis. 

L j_ 
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island of Ileil. The island is, therefore, that part of the cortex 
which immediately adjoins the gangUa of the cerebrum. At 
first it hes on tlie surface, but httle by little it is co^'ered in by 
the overlapping hemispheres. 

You WÜ1 easily find the fissure of Sylvius in the adull 

brain. It is the largest of the sulci, and on separating its walls 

- you will discover the island, and see that it is traversed by a 

number of perpendicular and obliipie sulci, In the sixth month 
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of pregnancy the two divisions of the fissure of Sylvius — tl 
anterior and i)osterior — are plainly to be seen. AH the iBst i] 
the brain is still smooth. (Compare Fig. 7.) 

Arter tills period, furrows (sulci or fissures) are develop! 
on the surface of the hemispheres by means of local elevatiql 
which increase more and more during the later moutlis of fcefl 
lile until birth, at which time almost all the fissures and conTJ 
lutions whicli the adult brain will possess are clearly marked oij 

Tlic following purely diagrammatic drawings may serve t 
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fascia dentata. As you see, it lies just in front of the involution 
of the cortex of the gyrus hippocampi, hy the iissure of the same 
uarae, and its cross-section, therefore, is not correctly represented 
by Fi{,'. 33 B, but rather hy Fig. 34. 

The cornu ammonis is, therefore, the bulging in the floor 
of the ventricle, which is caused by the pushing in of the gj'nis 
hippocampi by the fissure of the same name. From the cessa- 
tion of the cortex just at this point, from the fact that the 
margin of the hemisphere (fimbria and gyrus dentatus) runs 
along over this involution, arises the comnlicatcd cross-setrtion of 
the comu araraonis. 




The relation of the gyrus hippocampi to the inferior honi 
of the lateral ventricle is made clear by Figs. 19, 3'2, and 38. 

The gyrus fomicatus and its continuation, the gyrus hip- 
pocara])i, are developed early in foetal life. Dorsad of the 
margin of the hemispliere (arch of the fornix), there is devel- 
oped in all mammals a furrow which lies parallel with tlie fornix 
and accompanies it into the temporal lobe, — the fissura hippo- 
campi. The convolution between it and the fornix is the gyrus 
hippocampi. Anteriorly, the fibres of the coi-pus callosum pass 
transversely through it, and iu this region it is called tiie gvrus 
fomicatus. Farther back, however, it is called the gvrus hii> 
pocampi, and lies next to the fornix. In the lower anininls the 
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coi'pus callosum and the gyrus fomicatus arc very short. Only 
in men and apes is tlie corpus callosura so long tliat the begin- 
ning of the gyms hippocampi lies in tlie temporal lobe. If you 
wül look at the upper surface of the corpus callosum, you will 
see on each side of it a thin, gray, longitudinal hue (Fig. 18, Lt). 
It is the continuation of the atroj)liic couvolutiou met in tlie pes 
hippocampi major, — the gynis deutatus. "We call it the stria 
longitudinalis Lancisi. 

All the convolutions which lie near the margin of the hemi- 
sphere — the gyrus foniicatus, the gyrus hippocampi, the stria 
longitudinalis Lancisi, and the fascia dentata — are very strongly 
developed in animals having higlily perfected organs of smell. 
In those which, like human beings, have small olfactory lobes, 
they are somewhat atrophied, and in the dolphin, which has no 
olfactory lobe, they are totally undeveloped (Zuckerkandl). At 
the posterior end of the corpus callosum we sometimes see a short 
convolution which passes in the direction of the fornix and be- 
comes incorporated with it; it is the gyrus callosus, which is only 
present in man as a very atrophic, imperfect, and inconstant 
structure. 

On a fresli brain you may see the gyrus nnciatns at the 
apex of the temporal lobe, and from there follow tlie gyrus hip- 
pocampi upward. Then observe the prominent arch of the 
fornix as it passes over the posterior part of the thalamus, and 
note how it ends in the fimbria, which is visible nearly to the 
end of the gjrus hippocampi as a white medullary line. 
Lastly, make a cross-section, which may explain the relations \ 
of the foregoing structures. 

On the base of the brain, with the exception of the hippo- j 
campal fissure, which really belongs to the median surface, there 
are few sulci of importance. On tlie under surface of tlie frontal i 
lobe are the orbital and the olfactory fissures. The convolutions j 
between them are regarded as continuations of the frontal con- \ 
volutions, and receive the names of the frontal convolutions with. | 
wliicli they are respectively continuous. The under surface of 
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the occipital and temporal lobes is fissured mainly in an antero- 
posterior direction. A thi^d and fourth temporal sulcus is often 
found. The latter, which extends over into the temporal lobe, 
is called the occipito-temporal fissure. It separates the gyrus 
hippocampi from the convolutions of the temporal lobe. The 
temporal convolution lying just outside of this fissure (fourth 
tempoml convolution) has received the name of gyrus occipito- 
temporalis. 

Our knowledge of the course of (lie convolutions comes from 
Burdach (median surface)^ Leuret^ Gratiolet, Meynert {com^ 
paratlve anatomy)^ BiscTioff^ Echer^ Pansch {growing and adult 
brain). Besides these there are numerous investigators as to 
separate localities^ e.g., Broca and Zuclcerkandl on the convolu- 
tions near the margin of the hrain^ Eherstaller and Guldberg 
on the island^ and Rüdi7iger on the interparietal fissure. Again^ 
we possess a considerable number of monographs on the surface 
of the brain of many mammals, {Anthropomorphous apes, by 
Bischoff ; lemurs, by Flower and by Gervais; ichales, by 
Giddberg ; ungtdates, by Kraeg ; carnivorous animals, by 
Meynert and Pansch, and many others,) Tlie numerous varia- 
tions in the course of the iridividual convolutions a7id fissures 
tchich may occur in man are not only mentioned by a majority 
of the above writers, but have found an investigator of tlieir own 
in D, Sernow. 

It does not lie within the scope of these lectures, gentle- 
men, to impart the rich store of facts which physiology has 
brought to light respecting the various cerebral structures. 
Our knowledge of the functions of the cortex is, as yet, in its 
infancy, and is in no respect complete. I must refer you to the 
text-books of physiology, in many of which you will find ex- 
cellent chapters on the subject. In general, it may be said that, 
so far as the phenomena which follow an injury to tlie cortex 
are concerned, more is positively known about human beings 
than about animals. The following is a short summary of these 
symptoms : — 
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latter you will have to be at some pains to distinguish. You 
will find it in the space which is bounded above by the inter- I 
parietal fissure and below bj- the superior temporal fissure, its ■ 
posterior portion, indeed, euiToundiug the end of the latter. 

Do not always expect, gentlemen, to find the interparietal 
fissure running its whole course without a break. Often enough 
it is broken mto two or more parts by plia de paaaage, which 
are usually found in its posterior third. Its posterior portion ' 
extends into the occipital lobe. 

This occipital lobe is not in all brains so uniformly divided ' 
by its sulci that we can always i 
find the three convolutions j 
described by writers, viz., first | 
(up\)er), second (middle), and 
third (lower) occipital convolu- , 
tions, easily and without arti- ■ 
fieial refinement. 

It is often separated from 
the parietal lobe by an addi- 
tional occipital fissure (not ; 
shown in the figure), which ' 
passes XTp perpendicularly be- 
hind tlie gynis angularis. 
™™-t™.,^ prfBt wb«. ih. (.«.imin ud mid.bi.ia Tlio liue of divlslou from the 
temporal lobe is a horizontal 
fissure, appearing like a continuation of tiie inferior temporal 
fissure, and called the inferior occipital sulcus. The angle be- 
tween these occasionally continuous fissures bounds the temporal | 
lobe. At the upper and anterior part it is continuous with the ' 
jmrietal lobe. This connection is divided into the bridging con- 
volutions by the interparietal fissure, which passes through it 
longitudinally. 

After noting all these convolutions and fissures, divide the j 
brain into halves by cutting down through the great fiss.ure aad 1 
study the median surface. 
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; nerve-iibres arise irom the ganglion-cells. K. \\ agner 
', first showed tliat but a single process of these cells could be 
traced directly into the nerve, and other investigators hare con- 
fii'med this. The relations which the other processes of a multi- 
polar cell and the processes of the cells which do not possess tliis 
"axis-cylinder" process have to the nerve-fibres remained in 
darkness until Gerlach, in 187Ü, showed that these processes 
form a net-work witli each other, and that from this net-work 
nerves arise. It is only 
during the course of the 
past year that Bellonci first, 
and later, in a still more 
convincing manner, Golgi 
and Bela Haller succeeded 
in showing t!ie method of 
origin of nerve-fibres from 
the central ganglionic cells. 
Golgi conducted his investi- 
gations on the cortex of 
Unman beings and of other 
animals, and, by frequent 
combinations of very com- 
plicated microscopical pic- 
tures, arrived at the same 
conclusions with Haller, 
who worked on mollusks, 
where the conditions were 

more simple, and the relations could be plainly seen, 
important of these discoveries, which, moreover, have been con- 
firmed for other parts of the central nervous system by Golgi's 
pupils, is the now well-established fact that the nen'e-fibres arise 

Lfrom the cells of the central nervous system in two ways; that 
there is a direct and an indirect origin of neiTes. 
The former we have already mentioned as having been dis- 
covered by Wagner, The axis-cylinder process of a ganglion-cell 
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passes directly into a ucrve-fibre. Recent investigsitions have 
shown that befure passing oft' it gives rise to minute fibrils, 
which form a fine net-work. Tliis direct form of nerve-origin 
has been recognized in the great pyramidal cells of the cortex, 
and in the cells of Purkinje in the cerebellum, in the nuclei of 
the motor nerves in the brain and spinal cord, and in other places. 

In many other cells, however, the processes, soon after 
leaving the cells, break up to form a fine net-work, which i-e- 
ceives, also, the lateral fibrils of the axis-cyliuder processes 
before mentioned, and from this net-work the nerve takes its 
origin. This net-work may contain the offshoots of a great 
number of ganglion-cells. In the accompanying section through 
the pleural ganglion of a snail you may see both methods of 
nerve-origin taking place side by side (Fig, 24). 

"What part is played by the cell ])rocesses which do nol 
become connected with the nervous system — Golgi calls the] 
protoplasmic processes — is not yet determined. There is groui 
for believing that they are connected with the fine net-w(fl 
composed partly of glia and partly of coimective tissue, whi(^ 
surrounds the blood- and lymph- vessels of the central nervo» 
system ; that is, that they bear some relation to the nutrition of^ 
the cells themselves. The fact that tliis fine not-work, which 
consists of all thfese processes of ganglion- and glia- cells, is so 
difficult to disentangle has naturally led to other views as to its 
composition than the one I liave given yon, but it is important 
to notice that all tlie later authors, wliatcver their dift'erenccs of 
opinion in regard to the net-work (Leydig, Nassen), have ob-J 
served the double method of origin of nerve-fibres. 

It is probable that the difference in origin denotes a diff^ 
ence in function. We know that the motor roots of a poriphea 
nerve arise directly from the axis-cylinder of tlie cells, and J 
was in the sensory posterior roots that Gerlach observed i 
breaking up of the nerves into this minute net-work. The i 
vestigations of Ilis, to which I referred in the last lecture, i 
out the views we have adopted. 
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The nerve-fibres in the brain and spinal cord are of varjing 
size in adult mammals, and all are probably surrounded with 
meduUaiy sheaths. 

Every nerve-fibre, as it enters the central organ, loses its 
sheath of Schwann, only a thin layer, first seen by Eanvier, 
and which is present even in peripheral nerves, is left to cover 
the nerve-marrow after it enters the brain or spinal cord. 

In general, the parts which consist only of medullary fibres 
appear white (white substance); tliose composed mainly of 
C 3 




neuroglia, axis-cylinder, and ganglion-cells, gray (gray matter). 
The gray matter is more vascular than the wliite. Duiing life 
it exhibits, in the presence of sensitive reagents, a slightly acid 
reaction. 

We owe our first accurate knowledge ofthe histologj of the central nei'vous 
aystem, as was ataled in the first lecture, to Ehrenberg, Bemak, and Hannover. 
After Hannover, Helmholz, in 1S42, recognized in invertebrates the true relations 
between ganglion-cells and nerve-tibres. In 1844. Kötliker discovered that a 
double-contouied nerve might arise ftooi a cell. Id 18S0 Rudolph Wagner dis- 
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covered, in working on the electric organ of the torpedo, that a single ganglion- 
cell may send out two sorts of processes, of which only one, the axis-cylinder 
process, is continued into a nerve ; and in 1854 Kemak observed the same thing 
in the great ganglion-cells of the spinal cord. Deiters, in 1865, proved that this 
was true of all ganglion-cells. Our knowledge of these conditions has been in- 
creased by the labors of Gerlach, Max Schultze, Waldeyer, Jolly, A. Key and G. 
Retzius, Betz, Bevan Lewis, Obersteiner, Freud, and many others. So many 
have turned their attention and efforts to this most difficult region of histology 
that a memoir which appeared at the beginning of 1887 (Napsen) enumerated 
341 works on nerve-fibres and ganglion-cells. More recent and profound works 
on the neuroglia are those of Boll, Ranvier, and Gierke. 




LECTURE IV. 

THE CONVOLUTIONS AND FISSURES OF THE SURFACE OF THE 

CEREBRUM. 

Gentlemen : It is not so very long ago that the study of 
the structure of the brain surface possessed very little interest 
for the anatomist and none at all for the practicing physician. 
Nor is it a very long time since order was brought out of the 
seeming chaos of the convolutions of the brain, so that clear and 
definite cuts have taken the place of the old plates, concerning 
which an author pertinently remarked that 
they were a better representation of a dish of 
macaroni than of the brain. Interest was first 
awakened in regard to the human brain after 
physiology and pathology had shown the dif- 
ferent results of irritation, extirpation, and Brain of^hun^n embryo 
disease, varying according to the different 
convolutions attacked. It is, therefore, of importance, gentlemen, 
that you learn to know thoroughly the arrangement of these con- 
volutions and the course of the fissures which separate them. 
By word and diagram alone it will be impossible for me to make 
you as thoroughly acquainted with these structures as you should 
be. Here again it is necessary for you to take a fresh brain, 
and, following my lecture, trace out for yourselves sulcus after 
sulcus and convolution after convolution. 

The primarily lens-shaped hemispheres grow, as you know, 
toward the front and backward. Only in the middle, at a point 
corresponding to the corpus striatum within, the surface does 
not expand as rapidly, and, hence, becomes more depressed than 
the surrounding parts. The depression which thus exists near 
the point of origin of the hemispheres is called the fossa or 
fissure of Sylvius, and that part which lies in the depression the 

(45) 
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island of Reil. The island is, therefore, tliat part of the cortex 
wliich immediately adjoins the ganglia of the cerebrum. At 
first it Hes on the surface, but little by little it is covered in by 
the overla])ping hemispheres. 

You will easily find the fissure of Sylvius in the adult 

brain. It is the largest of the sulci, and on sepamting its walls 

■ you will discover the island, and see that it is traversed by a 

number of perpendicular and oblique sulci. In the sixth month 




of pregnancy the two divisions of the fissure of Sylvius — the 
anterior and posterior — are plainly to be seen. All tlie rest of 
the brain is still smooth. (Compare Fig. 7.) 

After this period, furrows (sulci or fissures) are developed 
on the sinface of the hemispheres by means of local elevations 
which increase more and more during tlie later months of fcetal 
lil'e until birth, at wliich time almost all the fissures and convo- 
lutions which the adult brain ivill possess arc clearly marked out. 

Tlic following purely diagrammatic drawings may serve as 
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arise from the involution have, unfortunately, received special 
names. As we, however, know what portions of the general 
cortex are represented by the different structures of the cornu 
ammonis, it is better to regard the latter genetically and not dis- 
turb our comprehension of its arrangement by using the old 
names. • Let us follow the cortex from below upward in the ac- 
companying figure. You see that the superficial layer of medul- 
lary fibres becomes thickened far ventrad of the point where it is 
rolled in. Nowhere else in the brain so well as at this point can 
it be seen that these fibres, which in great part run in the 
longitudinal axis of the brain, originate in the radiating fibres 
below. Near the gyrus dentatus a portion of these fibres pass 
to a somewhat deeper layer of the cortex, while the rest remain 
superficial and become blended with the adjoining analogous 
layer of that structure. Here, as everywhere else, the radiating 
fibres pass inward from the cortex. In the vicinity of the gyrus 
hippocampi, however, so few of these fibres arise that they do 
not form a thick medullary deposit underneath the cortex, but 
only a thin layer. This thin coating covers the side of the cornu 
ammonis which is toward the ventricle, and at the tip of the 
fold is gathered up into a medullary bundle, no longer covered 
with gray matter. This is the fornix. Into it pass also the few 
fibres which spring from the little gyrus dentatus. 

The course of many of the cortical fibres differs in the 
cornu ammonis from their course in other regions of the cortex. 
Inasmuch, however, as the origin and significance of the whole 
net-work shown in Fig. «37 is so uncertain, you will not be 
specially interested in the analogous structures of the cornu 
ammonis. Of the greatest importance was the discovery of 
Tuczeck, that in progressive paralysis of the insane the net-work 
of fibres in layer 1 is destroyed, and that the fibres in the deeper 
layers, down to layer 4, successively disappear. , 

The nerve-fibres of the cortex receive their medullary in- 
vestment at a very late period. This takes place first in the 
superior parietal lobe during the ninth foetal month. In the 
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divides it into two lobules. The anterior lobule is divided by 
several perpeiidicidar fissures into 3-4 gyii breves iusulae. The 
posterior lobule is, apparently, one single longer convolution, — 
the gyrus longus. It borders directly on the temporal lobe. In 
tlie operculum there begins an important fissure winch ascends 
to the margin of the hemisphere, but is separated from the latter, 
as well as from the fissure of Sylvius, by bmin-substiiuce. This 
is the sulcus centralis, or central fissure. Obser\-ü it in Fig. 28 ; 
it divides the frontal from the parietal lobe. All that lies below 
the fissure of Sylvius is called the temporal lobe. In front of 
the centml fissure lies the anterior central convolution ; behind 
it, the posterior central convolution.* 

The region in front of the anterior central convolution, the 
frontal lobe, is divided by two fissures, the superior and inferior 
frontal fissures, into three convolutions, — superior, middle, and 
inferior frontal convolutions. These are not always shai-ply 
defined along the whole length of the frontal lobe, inasmuch aa 
the frontal fissures are often inteiTupted in tlieir course hy plia 
de 2>aesage. You will easily discover these three divisions of the 
frontal lobe lying next to each other in all brains, and will 
observe that the lower frontal convolution (also called third 
frontal convolution) takes part in forming the operculum. Very 
often there is found at the posterior end of tlie inferior frontal 
fissure anotlier fissure at right angles to it, which bounds the 
anterior central convolution in front and is called the prte-central 
fissure. 

[Tlie lower frontal convoluUon is broader in Europeans than in oilier n 
In the bruin of GambeUa, who wiis a great orator, it waa twice as bioati bbusubI.] 

The temporal lobe is traversed by several fissures, which run ] 
parallel to the fissure of Sylvius and divide the lobe more or 
less sharply into an upper (or first), a middle (or second), and a . 
lower (or third) temporal convolution. Generally only the two | 
first of these are clearly distinguishable thi'onghout their whole« 
length. 

Q Freoch writera, 
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separated. They connect whole lobes with one another. Appar- 
ently these "association-fibres " are developed when two different 
regions of the cortex are associated in a common action, or they 
are developed into medunai7 fibres from among the surrounding 
mass of indifferent bundles when they are brought into more 
continuous use than the latter. Tlie association-fibres lie, in 
gi-eat part, close under the cortex ; some of them also lie partly 
in the white substance of the hemispheres. This system of fibres 
is, as you see, especially adapted to bring all parts of the brain 
into communication with each other. The manifold processes 
of association wliich are indispensable to thouijht, motion, and 
sensation possibly have their anatomical substratum in these 
elements of the brain. It is not 

t improbable tlifit those fibres play 
an important part in generaUzing 
the movements of epileptic seizures. 
It is possible, in animals, to 
produce contractions of the asso- 
ciated muscles by irritating certain 
regions of the cortex, and, by in- 
creasing the irritation, to produce 
convulsions of the whole affected 

side. The order of these convidsions corresponds to the ar- 

Tangement of the affected centres in the cortex. As this irii- 

tation extends it never skips a neighboring motor centre. 

The convulsions, when they have affected one-half of the body, 

.■pass over to the other half (under certain conditions, intensity 

if the imtation, disposition of the animal experimented on, 

:tc.). Removal of single motor centi-es from the cortex causes 

;e muscles directly controlled by them to be omitted from the 

!neral convulsive seizure. It is not necessary that the point 

if cortex so irritated should belong to the motor region. The 

invulsions thus brought about show the greatest analogy to 

partial or genn-al epilcjitic attaek in human beings. Since 

the writings of Huglilings- Jackson, we are acquainted with forms 
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divides it into two lobules. The anterior lobule is divided by 
several perpendicular fissures into 3-4 gyii breves insulse. The [ 
posterior lobule is, apparently, one single longer convolution, — I 
the gyrus longus. It bordere directly on the temporal lobe. In , 
the operculum there begins an important fissure wliich ascends I 
to tlie margin of the hemispliere, but is separated tiom tlie latter, 
as well as from the fissure of Sylvius, by brain-subsbmce. This \ 
is the sulcus centralis, or central fissure. Observe it in Fig. 28 ; 
it divides the frontal from tlie parietal lobe. All that lies below I 
tlie fissure of Sylvius is called the temporal lobe. In front of 
the central fissure lies the autcrior central convolution; behind i 
it, the posterior central convolution.* 

The region in front of the anterior central convolution, the I 
frontal lobe, is divided by two fissures, the sui^erior and inlerior 
frontal fissures, into tliree convolutions, — sujjerior, middle, aud 
inferior frontal convolutions. Tlicse are not always sharply 
defined along the whole length of the frontal lobe, inasmuch e 
the frontal fissures are often interrupted in their course by^J^i»! 
tie pnsBiige, You will easily discover these three divisions of the J 
frontal lobe lying next to each other in all brains, and will J 
obseiTe that tiie lower frontal convolution (also called third | 
frontal convolution) takes part in forming tlie operculum. Very 1 
often there is found at the posterior end of the inierior frontal T 
fissure another fissure at right angles to it, which bounds the] 
anterior central convolution in front and is called the prie-central 1 
fissure. 



[Tlie lower IVonlal coavohition is liroader ii 
In the liriiiu of Gambctta, who was a greiit orator, 



Europeans than in other races. I 
it was twice as bioad as UBUal.] li 



The temporal lobe is tra^'ersed by seveml fissiu"es, which run^l 
parallel to the fissure of Sylvius and divide the lobe more or J 
less sharply into an upper (or first), a middle (or second), and a 1 
lower (or thii'd) temporal convolution. Generally only the twQ'J 
first of tliese are clearly distinguishable throughout their whol^ 



length. 
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priae between two neighboring regions of the cortex by teasing. 
The representation of the connections existing between more 
widely .separated regions is much more difficult, and the figures 
must be at least partly diagiummatic, not representing the actual 
<:oursc of Äbres. A few bundles only can be easily discerned. 
Such are tlie fasciculus uncinatus, the fasciculus arcuatus. the 
tiisf'iculus longitudinalis inferior, the cingulum, and a few more. 
You may see the course of these bundles in the accompanying 
diagram. Among these larger association-bundles there are few 
that contain very long fibres. They consist rather of numerous 
shorter fibres, which run in the same direction, each covering a 
certain part of the whole dis- 
tance to be traveled. These fibres, 
which connect the different parts 
of one hemisphere with each 
other, are mixed with fibres which 
connect the corresponding por- 
tions of the two opposite liemi- 
splicres. These latter fibres run 
almost exclusively in the corpus 
callosum and the anterior com- 
missui'e, thus passing transversely 
through both hemispheres, from 
one to the other. 

Inasmuch as you are probably acquainted with the genei'al 
macroscopic apiieai-ance of the corpus callosum, at least that 
portion of it which is distinct from other parts of the brain, I 
shall have only a few words to say concerning the accompanying 
Fig. 41. 

You must keep in mind that, just as you see the fibres 
passing from side to side in this section, wliich is made about 
transversely through the chiasm, so they are to be seen in tlie 
whole region of the brain o\"er the latei-al ventricles. Fibres 
also pass into the corpus callosum from the anterior and pos- 
terior regions. Tlie course of the fibres of the corpus callosum, 
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latter you will have to be at some pains to distinguish. You I 
will find it in the space which is bounded above by the inter- | 
|)ariet«.l fissuie aud below by the superior temporal fissure, its 1 
posterior portion, indeed, surrounding the end of the latter. 

Do not always expect, gentlemen, to find tlie inter|iarietal | 
fissure ninning its wliole course \\'ithont a break. Often enough 
it is broken into two or more parts by ^;?(* de passage, which I 
arc usually found in its posterior third. Its posterior portion 1 
extends into the occipital lobe. 

This occipital lobe is not in all brains so uniformly divided ] 
by its sulci that ive can always J 
find the three convolutions I 
described by writers, viz., first j 
(upper), second (middle), and ' 
tliird (lower) occipital convolu- 
tions, easily and without arti- 
ficial refinement. 

It is often separated from I 
the parietal lobe by an addi- ■ 
tional occipital fissure (not J 
shown in the figure), which ] 
passes up perpendicularly be- 
hmd tlie gyrus angularis. 
«jn.f««s poiat wbre tbc BinHtnLtB ud Bi*-bBii XHe liuc of dlvlslou froui the 
temporal lobe is a horizontal 
fissure, appearing hke a continuation of tlie inferior temporal 
fissure, aud called the inferior occipital sulcus. The angle be- \ 
tween these occasionally continuous fissures bounds the temporal J 
lobe. At the upper and anterior part it is continuous with theJ 
jmrietal lobe. This connection is divided into the bridging con- 
volutions by the interparietal fissure, which passes through ifrl 
longitudinally. 

After noting all these convolutions and fissures, divide the 1 
brain into halves by cutting down through the great fissure and.J 
study tlie median surface. 








Fig. 30. 
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pass from every part of the latter to terminate in the former, 
IJuntllee of fibres pass to it from the temporal and occipital, tlie 
frontal and parietal lobes. Perhaps, also, bundles from tlie 
cortex at the entrance to tlie fossa of Sylvius and from the cornu 

Celi 
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The manamiUH under tbecornusc<3lo»uiD is tbeClialamus opticus, Tho. Fnim tlm no 
of the BUrroundlng ventricle ihe tapetum. Hup, pnsBcs to the cnrpua calloBum. In tl: 
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optio ntfrm. The bundle of flhitot called llio forceps, i*- '—' *• "- — 

oorpuB callosuin. (After Henle. ) 



jj the radlallou of the 



ammonis (running their course in the fornix). A part of tlie 
bundles of ttie corona radiata, however, do not go to the thala- 
mus, but pass in front to the outside and back of it, to termina- 
tions which he deeper. 
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The corona radiata, tlierefore, consists of fibres which pa 
to the thalamus, and of fibres ivhic!i pass to decpsr regions. 

Fibres pass to the thalamus from almost all the surface of 
the cortex, and not in a few bundles merely, as is shown in the 
following diagiam. They unite near the thalamus to ibrm thick 
strands, wliicli are called the pedicles (stilus) of the tlialamus. 
Among fibres passing farther caudad are: — 
1. Fibres from t)ie cortex of the central convolutions and the 
paracentral lobule; that is, from the motor region of the briiiu to 
the nuclei of the motor nerves in the brain and the spinal cord 
(pjTamidal tract). 

2. The si>eech-tract, 
to the nuclei of the 
nerves in the oblongata 
wliich have fo do with 
speech, Its origin in the 
cortex of the third frontal 
convolution, its course 
throngli the white sub- 
stance to tJie outside of 
tlie tail of the nucleus 
caudatus, and its termi- 
nation in the nuclei 
above mentioned, have 
all been inferred from carefully-observed clinical cases, verified 
by autopsies. It has not yet been actually demonstrated by 
dissection. The speech-tract in passing over the anterior portion 
of the nucleus lentiformis lies very near the central hypoglossal 
tract. 

3. Bundles from the cortex of the frontal lobe to the pons 
or, rather, to its ganglion-cells (anterior cortical tract to the pons). 
They pass, in all probability, from the pons into the cerebellum. 

4. Bundles from the cortex of the occipital and temporal 
lobes, also ending, api)arently, in the ganglion-cells of the pona 
(posterior cortical tract to the pons). 
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5. Bundles run from the cortex of the superior parietal 
lobe (and the posterior central convolution?) and perhaps, also, 
from more posterior cortical regions, to the internal capsule, and 
in part pass under the thalamus to the spinal cord, and partly 
enter the lenticular nucleus. They pass through both inner 
divisions of the latter, and become united near the base of the 
brain to form a thick strand, whose course we shall have occasion 
to study later on (tegmental radiation). These latter are the 
first cerebral fibres to receive their investment of medullary 
sheaths. They alone at the eighth to ninth foetal month may 
be recognized as a thin, white bundle in the internal capsule, 
which latter, at this period, appears gray. 

6. Fibres pass from the occipital lobe to the points of origin 
of the optic nerve. They connect the real optic nucleus with 
the cortex. In Fig. 44 this optic radiation is shown in a hori- 
zontal section of the brain of a nine-week-old child. 

Its destruction in human beings leads to disturbances of 
vision, which will be described later on. In animals it does not 
appear to be so important, for in them the occipital cortex can 
be destroyed on both sides without producing blindness. The 
actual centres for the sense of sight lie deeper ; sight continues 
if only they are preserved intact, but it is diminished to a certain 
extent if the connection between these lower centres and the 
cortex is destroyed. This connection, which evidently subserves 
some psychic process, is most important in human beings; it is 
apparently less so in the other mammals. In the lower animals, 
fishes, for instance, it is altogether wanting. These latter see, 
at least in the case of teleostians, without anything more than a 
thin, epithelial vesicle in place of a cerebrum. 

Doubtless there are a great number of other systems in the 
corona radiata. Observations bearing on this point must be 
undertaken on the brains of very young children. The fibres 
receive their medullary investment at different periods, and, so 
far as we know, the whole corona radiata is medullary at the 
end of the second year. 
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On tlioir passage downward, the fibres of the corona radiata 
enter into important relations with the corpus striatum and the 
optic thalamus. 

They naturally converge, and so reach the space outside 
the thalamus. The fibres from the anterior portion of the brain 
must, in order to reach this point, pass tlirough the corpus 




striatum. This is made clear in the accomimuying horizontal 
section through the cerebrum. 

This section is made about a finger's breadth lower dowii 
than the one shown in Fig. 19. You must understand that the 
two hemispheres have been partly removed, and that their coronal 
fibres pass from above downward through the knee-shaped white 
line of the inner capsule. That portion of the capsule which 
comes from the frontal and occipital lobes hes partly in the plane 
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this section, A few woi'da now in explanation of this 
figure. 

You will at once recoguize the frontal, occipital, and tcm- 
poi-al lobes. The latter is placed over the island of Ecil and in 
part covers it. As in Fig. 19, you see, in front, the transversely 
divided corpus callosum, the septum pellucidura adjoiiiitig, and, 
at the posterior termination of the latter, the ascending pillars 
of the fornix. 

Anterior and external to the septum is the head of the 
nucleus caudatns, which, in this section, lias been cut into. Its 
tail, which, in Fig. 19, passes along the side of the thalamus, 
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can no longer he seen. It lies in the part of the bmin which 
has been removed. A small portion of it only is left, pos- 
teriorly and exteriorly, near the comu ammonis. The above 
cut, which represents a nucleus caudatus dissected out, shows 
how this condition is brought about. 

The tail of the nucleus caudatus ia bent in a cur\-e around 
the whole bmin-axis, and can be traced almost to the apex of 
the inferior horn of the lateral ventricle. The whole nucleus, 
therefore, must appear twice on any deep horizontal section of 
the brain, as is shown by the line a to 5, in Fig. 45. 

Outside the head of the nucleus caudatus we see some 
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thick masses of white fibres. They come fVom the frontal lobe, 
and contain the corresponding portions of the coronal fibres to 
the thalamus (thalamic radiations) and the anterior cortical tract 
to the pons. These fibres must, as you see in the cut, in order 
to reach the thalamus and the pons, pass through the interposed , 
corpus striatum. The part which remains lying nearer the | 




FrimtaJ Ecutlnn tbraiieh 11 



median line is the nucleus caudatus ; the external part is they 
nucleus lenticiilaris. The two are not absolutely and totalljf 
divided by these frontal-lobe fibres ; on the contrary, numerous I 
connecting fibres pass between them. The above-named thala- ■ 
mic radiations, the anterior cortical tract to the pons, the bua^J 
dies passing between the head of the nucleus caudatus and th 
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lenticular nucleus, and, lastly, fibres from the nucleus caudatus 
to the inner divisions of the lenticular nucleus, all go to make 
up the internal capsule, — the white mass of fibres shown in the 
horizontal section. 

Fig. 46 is intended to complete the picture of those parts 
given in the horizontal section. It strikes the ganglia of tlio 
corpus striatum far forward,, and clearly shows the manner of 
their separation by tlie interposed fibres of the internal capsule. 

The form and situation of the nucleus caudatus will now 
be clear to vou, but it will be more difficult to form an idea of 
the peculiar wedge-shaped figure of the lenticular nucleus. A 
study of the horizontal and of the vertical sections shown in 
Fig. 46 will materially aid you. This ganglion is intimately 
associated internally with two somewhat lighter, grayish gan- 
glionic masses, which are closely connected to it by nerve-fibres. 
We speak ordinarily of the three divisions of the lenticular 
nucleus, whereas it is probable that only one — the broad, dark, 
outer portion (the putamen) — is morphologically analogous to 
the nucleus caudatus. The latter, as above stated, sends its 
fibres through the anterior branch of the internal capsule to the 
two inner divisions of the lenticular nucleus, and, perhaps, 
through them and farther caudad. The fibres of the putamen 
run an exactly similar course.* 

In all vertebrates, from fishes up to birds, a thick bundle 
of fibres can be seen, arising in tlie corpus striatum and ending 
partly in a thalamic nucleus and partly passing farther back. 
It can only be found with difficulty in human beings, because 
too many bundles from the cortex are united with it. Still, I 
have recognized this basal fore-brain bundle in early embryos, 
and it is apparently these fibres which Wernicke and Flechsig 
have described as springing from the corpus striatum. The 
latter, indeed, recognized their connection with the thalamus. 

* The fibres arising in the ganglia of the corpus striatum receive their medullary sheaths 
at a much later period than the tegmental radiation which parses through the inner divisions 
of the nucleus lentiformis. Hence, we have succeeded in distinguishing these two sets of fibres, 
which are closely intermingled in the adult. 
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External to the corpus striatum lies the cortex of the island 
of Reil. In the narrow band of white substance which lies be- 
tiveen the ganglion and the cortex — that is to say, in the exter- 
nal capsule — is placed an elongated collection of ganglion-cells, 
— the claustnini, — which is anatomically soniewiiat diiferent 
from the neighboring cortex. 

Candad of the nucleus caudatus the horizontal ' section 
(Fig. 44) passes through the thalamus, — the inter-brain. In 
front of this the pillars of the iornix ascend from below ; tlie 
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commissura media, a thin band of gray matter, extends fixim 
one thalamus to the other. External to the thalamus passes the 
posterior branch of the internal capsule. The point where the 
two bmnches meet is called the knee (genu). Impress this 
IHJcnliar angular form of the inner capsule well upon your 
memory. The relation of the different coronal bundles to the 
two angles is particularly important and very nearly constant. 
In the posterior branch, not far from the knee, lie the fibres 
from the motor zone to the extremities (pyramidal tract); just 
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in front of them are situated buudlcs which connect with the 
nuclei of the facialis and hypoglossus, and have their origin in 
the lower portion of the anterior central convolution. 

Behind the pymmidal tract, near the last third of the pos- 
terior branch, or, perhaps, somewhat more anteriorly, we meet 
with the bundles known as the tegmental radiation, and back 
of and adjoining them the tract from the occipital lobe to the 
origin of the optic nerve. Judging from clinical facts there 
must be in this region fibres passing from the temporal lobes to 
the auditory nuclei, and others, also, which are related in some 
way to the sense of smell. Thus, in the terminal tliird of the 
posterior branch of the internal capsule there is a confluence 
of all the sensory fibres and of the fibres to the nerves ol' special 
sense. Besides these, moreover, we here find coronal fibres to 
the thalamus from the cortex of the temporal and occipital lobes, 
and the occipito-temporal tract to the pons. The preceding 
figure gives a diagrammatic view of the separate bundles which 
compose the internal capsule. 

Numerous invesllgntorq Imve turned tlielr attentioo to tLe histology of the 
cortei and to the conditions of its flner structure. However great tlie labor ex- 
pended in this field, hy just ao much does the difflcully of the prohlem nppear to 
lucreaEC. Newer nnd more complicated conditions are contlnunlly heing dis- 
covered. Baillarger, Bevan Lewis, Clarite, Gerlacli, Meyncrt, Golgi. Belloiici, 
and many others hikve attempted to throw light upon tlie moat important points. 
The cortex of the tornu ftuimonis in particular has been investigated by Kölliker, 
Henle, and Duval. Many facts concerning the course of fibres in tlie wliite 
Bubshmce of the hemispheres were discovered by F. Arnold, Reil, and Burdacli 
by the teasing method ; white the microscopic investigittiiiuE of Meynert, and 
more particularly the emhryologieal studies of Flechsig, and the numerous ex- 
perimental works of Gudden, Löweuthal, Monakow, and many otburs have 
materially advanced our knowledge in this respect. We must not underTahie 
the advantages which have accrued to this portion of brain anatomy fiiun 
{mtliological investigations. Such investigations have been instituted by Wer- 
nicke, Charcot, Fere, Pitres, Prledraann, Sioli, Monakow, Richter, and others. 

All the masses of fibres emerge from the cortex and con- 
verge toward the region external to the thalamus. A portion 
of them enter the thalamus (corona radiata of the thalamus); 
another portion, and that the larger, pass under the thalamus 
ft to terminate in ganglia there situated, or to run still farther 
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caiidad to the spinal cord. Anj' foci of disease, therefore, which J 
are situated io tlie centmtn seraiovale must involve some of the i 
coronal fibres. They, however, do not always give rise to ] 
symptoms which would lead us to suspect a break in the con- 
ductivity from cortex to periphery. This may be because the 
coarser and more striking lesion-symptoms, the only ones which 
can be detected by our present means of diagnosis, require for '. 
their development the destruction of the whole tract involved. 
Apparently a small remnant of a tract suffices to conduct 
voluntary impulses from the cortex to deeper-ljiug points, and 
to convey sensory impressions from the periphery to tlie cortex. 

Lesions, in particular, which do not lie in the white sub- i 
stance under the central convolutions — that is to say, lesions 1 
which involve the tract from the cortex to tlie pons and the 
tegmental radiation^-often give rise to no symptoms. On the i 
other hand, lesions which involve the pyramidal tracts produce 
paralyses of the opposite half of the body. Disease of the 
ivhite substance under the cortex of the inferior frontal convo- 
lution often leads to aphasia. In addition to these there are a 
number of conditions known which make it very probable that 
an interruption of the tegmental radiation may bring about i 
loss of sensibility in one-lialf of the body. 

It is pretty well established that diseases wliich involve the I 
region just back of the knee of the internal capsule, diseases, at 
least, which render the fibres incapable of conveying nervous 
impulses, suspend the motility of the entire opposite half of the 
body, and that lesions situated in the terminal two-thirds of the I 
posterior branch may destroy the sensation of the opposite side f 
of the body, or at least very much diminish it. In most cases the | 
sense of sight also suffers, and occasionally the sense of hearing. J 
The injury to the sense of sight takes the form of hemiopia. 

If you bear in mind that, as has been repeatedly stated, all | 
the fibres converge radially from the cortex to the capsule, you | 
will easily understand that a small lesion in the capsule may 1 
give rise to the same symptoms which would be produced by s 
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larger one in the centrum semiovale, or by a still more extensive 
one in the cortex. In the capsule the fibres are crowded closely 
together, which,' higher up, are spread over a greater surface. 
For example, a great extent of cortex (both central convolutions 
and the adjoining portions of the frontal and parietal convolu- 
tions) would have to be destroyed in order to produce a complete 
opposite hemiplegia. The same effect might be caused by a 
smaller lesion in the centrum semiovale under the central con- 
volutions, whereas the symptom-complex in question could be 
produced by a very small lesion in the posterior branch of the 
inner capsule. In cases of hemiplegia, therefore, we at once 
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Fig. 48. 



suspect that the disease is located in the neighborhood of or in 
the internal capsule, unless additional symptoms point directly to 
some other region of the brain. Hemiplegias from disease 
of the cortex are very rare. Hemiplegias arising from diseased 
foci in the deeper-lying portions of the central nervous system 
are still rarer, and are generally associated with cranial-nerve 
symptoms, which indicate the seat of the lesion. 

On the other hand, both anatomical considerations and 
clinical experience teach us that cerebral diseases which affect 
single members of the body (one hand, for instance) very seldom 
have their seat in the capsule, because the fibres there are so 
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closely crowded together that a focus of disease could scarcely 
involve individual fibres without afiecting others. Disease of 
the cortex, however, not infrequently causes monoplegias and 
monospasms. In this portion of the brain a relatively large 
area may be involved witliout impinging on an adjoining centre. 
The accompanying diagmm will efi'ectually impress these state- 
ments upon your mind. It shows why monoplegias most 
frequently have a cortical origin, whereas hemiplegias generally 
result from disease of the deeper-lying portions of the brain. 
"We see at a glance tliat a lesion of a given extent, situated in 
the cortex, may easily affect only one centre, whereas the same 
focus, more deeply situated, might affect the radiating fibres of 
many centres. 

We have not yet learned what symptoms woxdd arise from 
involvement of the association-fibres alone, because these- fibres 
are so closely blended with those of the corona radiate. Pos- 
sibly certain forms of disturbance in speaking, reading, and 
hearing belong in tliis category. We know, too, very little con- 
cerning the symptoms arising from destruction of the corpus 
callosum. It appears that this may, under certain circumstances, 
be entirely destroyed without giving rise to disturbances of 
motihty, of co-ordination, of sensibiUty, of the reflexes, or of 
the special senses, and without any material distiirbance of the 
intellect. One case of disease of the corpus callosum has been 
observed accompanied by an uncertain gait, but without vertigo 
or ataxia. 




THE CORONA RADIATA, THE CORPUS STRIATUM, THE THALASTUS, AND 

THE SUBTHALAMIC REGION. THE STRUCTURES AT THE 

BASE OF THE BRAIN. 

Gentlemen : As you saw in the last lecture, a great part of 
the coronal fibres terminate in the inter-brain, in the optic thala- 
mus. The rest pass farther caudad and ventrad in the capsule. 
Thus they reach the region back of the thalamus and for the 
most part he free on the under surface of the brain. This thick 
bundle of white fibres emergmg from the base of the brain is 
called the foot of the crus cerebri, pes pedunculi, or crusta. 

As you see in the accompanying frontal section, this free 
portion of the capsule, whose fibres curve backward in the crus 
cerebri, lies ventrad of the thalamus. Into this, the pes pedun- 
culi or crusta, pass the fibres of the frontal tract to tlie pons, 
of the temporal tract to the \was, and of the pyramidal tract. 
The coroual optic fibres and the tegmental radiation do not 
enter the crusta. Farther back »indev the corpora quadrigemina, 
just over the crusta, in the same relative position here occupied 
by the thalamus, lie the fibres which spring from the thalamus 
and other regions of the bniin, and the fibres of the tegmental 
radiation. At this point the mass of fibres from the fore-, inter-, 
and mid- brains are divided into a ventral portion (the pes or 
H crusta) and a dorsal portion (the tegmentum). First let us turn 

R" our attention to the crusta. The accompanying cut (Fig. 50) is 
^^ an endeavor to show you the transition of the internal capsule 
^H into the pes by a diagrammatic horizontal section. The thalamus 
^1 is represented as transparent. Posteriorly the section trends 
^H sharply downward; otherwise it would not show the crusta, 
^B which is situated at the base of the brain. 
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In the diagram you see a tract descending from tlie ganglia 
of the corpus striatum. It Ues above the tracts from the cortex. 
In all probability this terminates in the pons. 

The relations borne by the fibres i'rom the ganglia of the 
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corpus striatum to those from the cortex are in many respects still 
unknown. The following are the most important points which 
have been definitely settled. Tlie nucleus lentiformis consists 
of an outer division (the putamcn) and two or more inner 
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divisions (the globus pallldus). From the putiiinen and from the 
nucleus caudatus tibi-es arise wliicli pass through both the inner 
divisions and emei^e from the base and apex of the nucleus 
lentilbrmis. You >vill i-emeniber from the second lecture tiiat 
the nucleus caudatus and the putamen are genetically related to 



I 









^ ,..„.„ 




/ 




1 
._^j 


d. Captit. 




i 


t:. 




\ 


u 


^fc"'*"""' 






^^ 


'' 1^-r' 


^Ite,*.-. 






— - J 



Diagram of the .■ntnTi- ■ 



the coiiex. Now you see tliat they also give off fibres just as 
does the latter. 

Besides these fibres, others pass from the cortex to tlie len- 
ticular nucleus. They are fibi'es from the tegmental radiation. 
These emerge from the internal rapsule along the whole inner 
border (see Fig. 51) and pass into the two inner divisions. 
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traverse them, just as do the fibres from the nucleus caudatus 
and the putamen. and again, like tlie latter, they are gathered up 
into a thick bundle below the nucleus lentiformis, in which situ- 
ation they are called the ansa lenticularis. Most of the fibres 
of the ansa lenticularis, after passing tlirougli the capsule, extend 
to the region below the thalamus, called the regio snbthalaraica. 
The accompanying cut represents a section through the brain 
of an eight months' fcEtus, and shows tlie I'elations of the teg- 




Fmnta,! lectlnn thmnfrti the hnin of a fmtiis nt B^l>^t S2 westia. All the mmlanuT 
niire" slBlned lilank bv hsBinaloiylln. The teBinüntal jadiat on {aboTP>. crusa lentlcu- 
latlB (baluw), and nnferior pniomlsBiire (bflow and eUcmally) nri; ineduUary. There 
are as yet no nkedullary fibifis in the fiaCamen or nucleiu OAudatua. 

mental tract to the nucleus lentiformis. At this period of devel- 
opment there are, with the exception of those shown in Fig. 51, 
no medullary fibres in the brain. The fibres which arise in the 
putamen and the nucleus caudatus have not yet appean^d. It i 
was only possible to gain an insight into the relations between 
the nucleus lentiformis and the tegmental radiation by studying 
the fcetal brain. 

In this figure the bundle wliich passes directly from the 
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tegmental tract to regions farther back (dorsad of the gray mass 
marked " corpus subthal.") is not visible because it does not fall 
within the plane of this section. Compare the line in Fig. 52, 
marked "to the fillet," which represents the course of this 
bundle. Compare also Fig. 54. 

You have now, gentlemen, learned the origin and the first 
part of the course of a good share of those fibres wliieli go to 
make up the fore-brain. Ijet us now turn our attention to tlie 
region where a majority of the cerebral medullary tracts 
terminate. 

Back of the hemispheres comes the inter-brain. From 
each of its lateral walls have developed the optic thalami. These 
consist of several gray nuclei, whicli are not sharply divided from 
one another. Some white medullary fibres, t"he stratum zonale, 
pass over the thalamus. A part of these can be traced in a 
direction toward the base of the brain in the optic nerve, while 
another jiart seems to originate from the caudal portion of the 
internal capsule, perhaps from the optic radiation. All of them 
pass deeply into the thalamus and are massed together between 
its ganglia, which they apparently separate from one another. 
Microscopic examination shows that they enter into the fine net- 
work of nerve-fibres which penetrates these ganglia. We can 
distinguish in every thalamus a median (internal) nucleus which 
projects into the ventricle, becomes thickened posteriorly, and 
forms the pulvinar, a Literal or external nucleus, and between 
the two an anterior nucleus. The lateral nncleus'is the largest, 
while the anterior nucleus may he compared to a wedge driven 
in between tiie other two with its broad end to the front. This 
anterior, thickened end, which is visible as an elevation of the 
surface of the thalamus, we have already met with under the 
name of tuberculum anterius. On the median border of the 
internal nucleus lies the ganglion halienulaä, which lias been 
mentioned before. In the posterior portion of the tlialamns 
below and external to the jiulvinar lies a ganglion of a peculiar 
■ravish appearance, — the corpus geniculatum laterale; it projects 
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far into the substance of the thalamus and gives off a greafa 
many roots to the optic tract. 

Extt-nially, the thalamus borders on the internal Capsulen 
(Fiy. 52). Numerous bundles pass fiom the latter into thaj 




former. They come from different directions, and cross each, 
other on entering the thalamus. In tliis net-work of decus-1 
sating fibres are found small aggregations of gray matter. The! 
outer zone of these crossed tibres is called the latticed layer. .; 
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From the fact that the majority of the medullary fibres pass mto 
the external nucleus, this body has a somewhat lighter appearance 
than the other nuclei of the thalamus. 

The inner surface of the thalamus is separated from the 
ventricle by an evenly .distributed layer of gray matter. This 
is called the central gray matter of the middle (third) ventricle. 
In the median line of the brain the central gray matter forms 
the floor of the ventricle. Between the two thalami lies the 
middle commissure. In human beings it consists of only a few 
nerve-fibres passing across in the midst of a large mass of cen- 
tral gray matter. In the lower animals it contains a relatively 
larger number of medullary fibres, arising in the central gray 
matter of the ventricles, in which they run parallel to the long 
axis of the brain. 

In the following highly diagrammatic figure we may see the 
relations of the thalamus to the base of the brain, to the central 
gray matter, to the internal capsule, and to the nucleus lenti- 
formis. 

Let us study in this figure a subject which hitherto has only 
been touched upon. I refer to the region internal to the len- 
ticular nucleus and ventrad of the thalamus. Here are to be 
seen several bundles of fibres running parallel with each other, 
which in part cross the internal capsule at an angle and in part 
pass over it. The upper of these bundles belongs to the system 
of fibres of the lenticular nucleus ; it is the previously-described 
ansa lenticularis. The lower bundles are coronal fibres to the 
thalamus, which, coming from the occipital and temporal lobes, 
are called the inferior pedicle of the thalamus (?i.5.. Fig. 43). 
Taken together the mass of fibres shown in Fig. 52, ventrad of 
the lenticular nucleus, is called the substantia innominata. Just 
back of the substantia innominata the fibres of the capsule, 
which go to make up the crusta, emerge free on the base of the 
brain. The substantia innominata, therefore, bounds the pedun- 
culus cerebri anteriorly. It is laid like a loop over it, and is on 
that account called the ansa peduncularis. 
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Back of and underneath the thalamus there lie alongsidel 
it a number of small nuclei whose functions and significance aral 
almost wholly unknown. Their anatomical relations are as yeti 
in great measure unexplored. On the base of the brain, just 
back of the plane of the section in Fig- 52, where the central 
gray matter forms the floor of the ventricle, there lies, on each 
side under the thalamus, a small, white tubercle, — the corpus 
maraillare or corpus candicans. In Fig. 49 it falls just in the 
plane of the section. The mammiUary body may be regarded as 1 
the boundai-y-point between the fore- and inter- brains, for A'oinl 
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it appear to emerge, partly crossed and partly direct, thosoi 
bundles to the fornix which follow along the free border of th( 
hemisphere, and whose further course is shown in Fig. 30, 

The corpus candicans consists, according to the researches; 
of Gudden, of three nuclei. The most lateral sends a pedicle' 
(pcdunculus corporis mamillaris) far back into the medulltti 
oblongata. From the more caudad of the two median nuclei 
arises a thick bundle, which passes up into the tlialamus and is 
lost in the tuberculum anterius. One portion of its course is 
shown in Fig. 49. It was formerly thought that it arose 
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thalamus, bent around in the corpus candicans, and passed into 
the fornix. The investigations of Gudden, however, have dis- 
proved this; therefore, its old name, fornix descendeus, is not 
J- justified, and it is now called, after its disco^'crer, the bundle of 
I Vicq d'AzjT.* Arising from the more anterior of the nuclei, 
la little strand of fibres ascends toward the thalamus alongside 
I the last-described bundle, but soon changes its course and 
I passes backward, curving caudad untU it reaches the tegmentum 
Iback of the region of the corpora quadrigemina, where it 
I can be traced into ganglia that lie under the aqueduct of 
F Sylvius. This is called the tegmental bundle of the mammillaiy 
[ hody. 

If you will examine Fig. 46 or 49 you will see that the 
thalamus lies directly upon the internal capsule. Farther back 
this condition of things ceases. Here several small, gray, gan- 
glionic masses are interposed between the capsule and the 
thalamus. Into these ganglia numerous bundles of fibres radiate 
from the nucleus lentiformis, the capsule, and the thalamus 
itself. The posterior basal inter-bmin region where this occurs 
is called the regio siibthalamica. The regio subthalamica was 
first accurately known through the researches of Luys and 
|Forel, and later by the works of Flechsig and Weniicke. We 
pare, however, still far from a comprehension of the comphcated 
conditions wliich are presented to us in this little space, where 
fibres of such widely diflerent origin meet, interloop, and cross 
each other, and where gray masses lie which are themselves in 
part permeated by a fine-meshed net-work ol' crossing and inter- 
mingling medullary fibres. 

Fig. 54 shows a few details of a section through this 
■ region. Below the thalamus is a rounded ganglion, — the nucleus 
■.ruber, the red nucleus of the tegmentum. External to it lies 
[the lenticular-shaped corpus subthalamicum (body of Luys). 
I You recpUect the bundle of coronal fibres which we called the 
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tegmental radintion. Its fibres pass out of the internal capsule, * 
and, to a great extent, He outside of and above the red nucleus, 
surrounding about a tliird of that ganglion like a capsule ; pass- 
ing back of the red nucleus they form a tract of fibres which , 
we shall learn to know as the lemniscus, laqnens, or fillet. In , 
Fig. 52 the course of these fibres is shown in diagram. At thej 
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tip of the lenticular nucleus the fibres from its different divisions 
and flora the ansa lenticularis unite to form a thick bundle. 
Tliis passes through the capsule (Fig, 52) in numerous fasciculi 
and enters into a net-work wliich closely suiTounds the corpus 
subthalamicum. From this net-work most of these fibres pass 
into the ganglion itself; a few, however (but of this I am not 
firmly convinced), pass directly from the nucleus lentiformis to 
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the tract called the fillet without entering into any relation with* 
the interior of the corpus subthalamicum. 

Fibres from the optic thalamus run to the red nucleus. 
Posterior to the accompanying figure the latter becomes much 
larger, so that it occupies a greater area in cross-section (Fig. 59). 
Posterior to and below the coi'pus subthalamicum, just over the 
fibres of the internal capsule, which at this point are beginning 
to form the pes pedunculi, there is situated an aggregation of 
gmy, pigmented cells (the substantia nigra), just at the point 
where the corpus subthalamicum is represented in Fig. 54. 
From the subthalamic region downward to the termination of 
the mid-brain this dark, ashen-gray ganglion is always demon- 
strable just over the crusta. 

The fibres passing backward from the fore- and inter- brains 
are divided by the substantia nigra into two portions, corre- 
sponding to their physiological significance, — the crusta and the 
tegmentum. The former we have already considered at the 
beginning of this lecture, and we shall often have occasion to 
refer to it; the latter contains, in the posterior thalamic region, 
which we are now considering, the pulvinar, the nucleus ruber, 
the coi'pus subthalamicum, the fibres from the lenticular nucleus 
and that part of the tegmental radiation which has not united 
with the fibres of the lenticular nucleus. 

We are now to consider the structures which appear in a 
transverse section made at a point in Fig. 55 indicated by the 
line a to b. 

You see that just back of it the mid-brain — the corpora 
quadrigemina — begins. The thalami at this point become sep- 
arated and between them the central gray matter increases some- 
what, and the middle ventricle thereby becomes much more 
shallow. 

Behind this point the roof of the brain-vesicles, which, in 
the vicinity of the thalamus, consisted only of the epithelial 
covering of the choroid plexus, once more becomes distinct. 
The ventricle is closed above by a roof composed of nerve- 
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substance, which, from now on, is not lost sight of until we 
reach the spinal cord. 

In the anterior part of this roof are situated the fibres of 
the posterior commissure, and just behind these are the corpora 
quadrigemina. The ventricle, which is here contracted to a 
narrow passage, extends under this roof, and that portion of it 
which traverses the mid-brain has received the name of the 
aqueduct of Sylvius. Tiie entrance to the aqueduct lies just 
under the posterior commissure. It is entirely surromided by 
the central gray matter. Aa it passes over the after-brain the 
canal again becomes widened, and in this situation is called the 
ventriculus quartus. Its floor is formed by the fossa rhom- 
boidalis and its roof by tire cerebellum. 

It will be well for you to study the appearance of the mid- 
brain roof, verifying the foregoing statements on the sagittal 
section (Fig. 56). 

Only a few words conceraing the pineal gland, which, with 
its two pedicles running along the inner surfaces of the thalami, 
forms a part of the roof of the inter-brain. (See Fig, 11.) It 
consists mainly of a dense mass of epithelial tubules which have 
arisen by proliferation from tlie primitive fold. The pedicles — ■ 
the pedunculi glandulse pinealis — convey a few medullary nerve- 
fibres. These apparently originate in the ganglion habenulge 
and (as may be demonstrated in all the lower ^'ertebrates) in the 
tlialamns. I must agaiir remind you of what was said in the 
second lecture conceming the significance of the pineal gland 
in reptiles. Besides the tubules, the pineal gland contains nu- 
merous blood-vessels and the " brain-sand," — little concretions 
of a laminated structure, which consists mainly of calcareous 
salts and a small amount of organic matter. 

Fig. 55 will show you the situation of the pineal gland at 
the posterior end of the thalami and between the corpora quad- 
rigemina. 

We have hitherto had no opportunity to examine carefully 
the batie of the brain. Now that the source of some of the 
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Btructures which are there situated is known to us, let us tum a 
brain bottom upward, and, having cleared away the pia mater 
and blood-vessels, study the specimen carefully. 

The fignre given later on (page 99) will serve as a guide. 
First, we see the crura cerebri emerging from the mass of the 




bmin. Just in front of them, in the space which, in the cut, is 
occupied by the optic neiTe, lies the substantia innominata, 
which contains the ansa lenticularis and the inferior pedicle of 
the thalamus. Previous frontal sections have taught you that 
^m the white mass visible here is the pes pedunculi, which is the 

L 
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direct continuation of the internal capsule. After passing back- 
ward a short distance, the pedunculns cerebri is covered in by a 
thick mass of fibres, which appear to run transversely across it 
from one-half of the cerebellum to the other. These are called 
the fibres of the pons (fibrs pontis). 
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Below the pons a portion of the fibres of the peduncle 
again comes into view, forming the pyramids. Another iwrtion 
of the peduncular fibres terminates in ganglia which are located 
among the fibres of the pons. 

The giay matter between the crura cerebri is called the sub- 
stantia petfoiuta posterior. Internally, it borders on the sub- 
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thalamic I'egion. In front of it He the mammillary bodies, — those 
two roundish gangUa which we studied in cross-section. To 
these ganglia the bundle of Vicq d'Azyr passes from the thala- 




mus, and from them the ascending fornix appears to emei^e. 
In fi-ont of the mammillary bodies we find a bulging down. 
ward of the floor of the middle ventricle, which is called the 
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tuber cinereum; thus a fimnel-sliaped body is formed, the lumen 
of which is a coutiuuation of the ventricle. At the lower, 
pointed end of this stmcture (infundibulnm) the hypophysis is 
attached.* 

The optic tracts pass in a broad curve avonnd the infun- 
dibnlum and over the pedunculi toward the pulvinar of the 
thalamus. Covered in on both sides by the temporal lobes, they 
cune iipward and outward around the origin of the pedunculi 
to reach the corpus ffeuiculatum laterale and the pulvinar. 

Farther forward in front of the infuudibulum they are 
united and form the chiasm from wliich, after the decussation 
of their fibres, the optic nerves arise. 

In front of the optic tmct, external to the chiasm, just 

under the anterior part of the corpus 

striatum, lies the substantia perforata 

anterior, — a grayish mass penetrated 

by numerous blood-vessels from the 

]iia. In front of it is the region of 

the lobus olfactoiius, 

inr -.- The olfactory lobe, in many 

Tiii.i,M"'r'ii^>jj--^~';c-ri^^^^mji.pii]ii,i. animals, is a large organ on the base 

of the fore-brain ; in water mammals 

it is entirely wanting, while in human beings and apes it is 

very much atrophied. 

Its anterior, bulbous extremity is called the bulbus olfacto- 
rius, and its posterior portion, which is continuous with the 
cortex of the frontal lobe, has received the name of tuber 
olfactorium. That portion which hes between the two has be- 
come atrophied to a thin pedicle, — the tractus olfactorius. The 

• Tlin hypophysis (Pig. SR), an appendix to the base of the brain, nbnnt tba ^e of a 
cherry, consists, flrsl, of a prolougatlon of tho floor of tbc ventricle (I'lbus infnnilibulil.whiuh la 
net positively pioved to consist of nerye-snbstanee, and, secondly, of a tuft of epltballal tnbulea 
whiob are firmly attached to the lobus infundibnlt, and which, as yoa know, is derived from the ' 
mucons membrane of the pharynx. In venebntes other than nmmmala tbl9 epithelial portion 
of the hypuphysi» 1b not attached to the lobuB Infundibull at all. Later researches (FleMh, 
Darksi'be witsch) have shown that H oontafnü two forms of eella,— «mall hyaline and large, 
, granular, nucleatetl cells. Inasmuch as very similar elemenla are found in sevL'ral very active 
Eluiils, it Is probable that the hypophysis has some phytluloglcal function to pei form. 
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cortex, too, wliich covers the whole lobe is atrophic iu the 
olfactory tract. The fibres of the actual olfactorj- nerves arise 
from the olfactory bulb. 

The olfactory-lobe cortex has numerous connections with 
regions of the brain whicli lie farther back. Some of these are 
plainly visible on the base of the brain. They pass over the 
substantia perforata, and in part penetrate it. Formerly these 

- were thought to be real uerve-roots, but, according to our present 
views, it is much more probable that they are tracts which serve 
to connect the oliactory lobe with more central portions of the 
brain. The most external of these bundles can be traced into 
the tip of the temporal lobe. The results of physiological ex- 
periments make it probable that it terminates in the comu 
ammonis. The investigations of Zuckerkandl in comparative 
anatomy show that these olfactory nerve-roots have their termi- 
nation not only in the cornu ammonis, but probably in the 
cortex of the whole gyrus hippocampi and the lobiis lingualis, 
which is associated with it. 

In the olfactory nerves of the lower animals there has been 
demonstrated an extensive system of commissures and a chiasm 
between them. We only know that fibres i'rom the anterior 
commissure pass into the region of the olfactory lobe. These 
fibres, which can be plainly seen in Fig. 41, form, as it appears, 
a commissure between the olfactory lobes. The other fibres of 
the anterior commissure connect the two lobi linguales (which 
are also points of origin for the olfactory nerve) with each 
other. 

The gray lamina between the two olfactory lobes is directly 
continuous in front with the knee of tile corpus callosum. It 
is called the lamina terminalis. It is the remnant of the em- 
bryonic terminal lamina, — that wall which closed the primitive 
fore-brain, and from which the massive hemispheres have been 
developed. At present it is only a small, unimportant gray 
area, which lies at the most anterior point of the base of the 

L:braiii. 
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Tlio tlialam! are everywhere in luch close juituposition to tUe intoraal 
capsule that we very seldom sec coses of cliaease wLicli involve them alone. 
Even ia these cases it is doubtful to what extent the symptoms present depend 
upon involvement of the neigliboring flbrea of Ihe internal capsule. It is, there- 
fore, impossible to determine the symptom- comp! ex presented by disease of the 
thalami. According to Meynert the aeneotions of innervation of the upper ex- 
tremities are injured. Ab a result wo would bave delitsjons as to the position of 
' the limb, and, in consequence of these delusions, forced attitudes would be 
' assumed. Neither motor nor sensory paralyses seem to be caused by injuvie« to 
the thalami. Injuries to sight in Ibe form of homonymous, lateral hemianopia, 
and, perhaps, also of crossed amblyopia, biLve been repeatedly obseiTed. In 
disease of the thalamus there have often been observed syinpioms of hemichorea, 
athutosie, and tremor of one side of the body. These last Symptoms, however, i 
have also beeu observed in disease of other parts of the bmia. 

The same obstacles present themselves in attempting to 
define the symptoms of disease in the corpns striatnm. Those 
symptoms, which were formerly considered as indicating disease ■ 
at this point (hemiplegia, for example), may equally well be 
caused by disease of the neighboring internal capsule. One | 
case of disease of the putamen is known to have rnn its course 
without giving rise to symptoms which ^loiiitcd to trouble in 
that locality. 

If an affection of the base of the bmin only involves that 
part which lies in front of the pons, the symptoms caused by 
the irritation or paralysis of the nerves in that region are lar 
more imi^ortant, for diagnostic purposes, than anytliing else. 
If the pednnculi are also involved there may be associated with 
these symptoms motor and sensory disturbances of the ex- 
tremities. A careful analysis of the symptoms, in connection 
with an accurate knowledge of the anatomy of the base of the 
brain, often leads to very clear and exact diagnosis as to the 
locality aflected. 



LECTURE VII. 

THE ^SUBTHALAMIC REGION, THE CORPORA QUADRIGEMINA AND THE 

ORIGIN OF THE OPTIC NERVE. 

Gentlemen : In the last lecture we postponed tracing the 
fibres of the brain downward, in order to consider the structures 
at the base of that organ. Let us again take up the thread of 
our discourse. We had learned that, in the posterior thalamic 
region, the bundles of the internal capsule (except so far as 
they were distributed to the thalamus itself, or to the subjacent 
ganglia) emerge free on the base of the brain and form the pes 
pedunculi. Caudad and ventmd of the thalamus are located 
the nucleus ruber and the corpus subthalamicum. From the 
internal capsule a bundle of the tegmental radiation passes di- 
rectly caudad to these structures, while another first passes 
through the coipus striatum, and then enters into relation with 
them, after passing through the internal capsule. 

Those bundles of tegmental fibres which passed through 
the corpus striatum may be* traced in part to the body of Luys 
(corpus subthalamicum). Another portion of them, together 
with the fibres originating in the putamen and the nucleus 
caudatus, seem to pass into the stratum intermedium, which lies 
dorsad of the substantia nigra. 

The fibres of the regio subthalamica should be examined 
anew, with the help of all available methods of investigation. 
Hitherto they have been examined chiefly by means of sections 
taken from the adult brain. (Meynert, Forel, Wernicke.) The 
embryological researches of Flechsig and myself had already 
enabled us to distinguish the tegmental fibres amidst the chaos 
which prevails in that region. 

That bundle of tegmental fibres which passes external to 

(103) 
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tlic red uucleus apparently becomes the upi>er lemniscus. This j 
is clearly defined and medullated in a foetus of seven months. 
At that time the thalamus contains no medullary fibres except ! 
the bundle of Virq d'Azyr, and tlie internal capsule none except 
the tegmental radiation. 

Fibres pass from tlie thalamus to the red nucleus, lamiuse ' 
medulläres thalami, while otliers go to tlie corpus subtlialamiqum. 
Between the pes pedunculi and all tliis mass of ganglia and , 
fibres, which, tiiken togethL-r, are called the tegmentum, is 
situated the substantia nigra. 

We now pass into the region of the mid-brain. To this 
region bt^longs (ombryologically considered) that thick bundle of 
\vhite fibres which passes across the ventricle at the point where it 
becomes the aqueduct of Sylvius ; tiiat is to say, the posterior 
commissure (Fig, Ci9). It can be more easily demonstrated in the 
lower vertebrates than in mammals that this commissure origi- 
nates in ganglia which lie on each side, deep in the inter-brain, 
near tlie median line. But, even in mammals, Meynert has 
shown tliat its bundles are evolved from the thalamic nuclei. 
Tiiey then pass doi-sad, reach the surface, and cross to the oppo- 
site side, in front of tlie corpora quadrigemina. They run 
horizontally only a very short dist;uice, and then dip down into 
the depths of the mid-brain tegmentum, in which they pass stiU 
farther caudad. The majority of the fibi-es under consideration 
(as I have seen with peculiar distinctness in the lower animals) 
[jass laterally and ventrad of tlie posterior longitudinal iiiscic- " 
ulus, into the medulla oblongata. Tlie last-mentioned fascic- 
ulus, which we shall study later on, only attains a considerable 
size after recei\'ing these fibres from the commi-ssura posterior. 
Spitzka and Darkschewitsch have seen a similar condition in J 
mammals. According to tlie views of the latter, the more *. 
median of these fibres pass into the nucleus of the oculo-niotor 
nerve. Certain it is that they jmss so near to it that a jmrt of 
tliem seem to terminate there. The fibres can be seen ]>assing 
into the nucleus from the same and from the opposite half of the 
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brain. Iii Fig. 72 these fibres origuiate in tlie substantia reticu- 
laris and the posterior commissure, and this is probably the 
truth. In all vertebrates the posterior commissure is one of the 
first bundles to become medullary, Its development, from the 
simple cyclostoma up to liuman beings, is always conducted 
in the same way. 

Under the aqueduct tlie structures of the tegmentum and 
the fibres of the pes peduuculi extend farther baelt. Above 
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them lie the corpora quadrigemina dcicloped from tlie root' of 
the mid-brain. The following cut shows the corpora qnadri- 

»gemina viewed from above, Tliey lie on the crura, and seem to 
be crowded in between the thalami. Ventrad of them ap[iears, on 
each side, a thick strand of fibres from the depths below, which 
extend into the cerebellum. They are the anterior or superior 
peduncles of the cerebellum. In Fig. 53 you can see how they 
arise in the red nucleus, which is situated in the tegmentum 
^L beneath the thalamus and the coi"pora quadrigemina, Behind 



106 



LECTURES ON THE CENTRAL NERVODS SYSTEM, 



the latter bodies it emerges iram the tegmeiftum and lies on the I 
surface. 

We distinguish tlie anterior and the posterior qiiadri 
geminal bodies. This distinction is only visible to the naked ' 
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eye in the case of some mammalians; in all other vertebmtes the 
anterior qnadrigeminal bodies are so lar^o. that the posterior J 
ones disappear beneath them, and seem like a little ganglion | 
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attached to the anterior pair. (Compare Lecture II, Figs. 11- 
17.) From the anterior quadrigeminal bodies arise a large por- 
tion of the optic nerve-fibres. They, like the thalamus, receive 
fibres from the region of the occipital lobo, which run in the 
optic radiation to the internal capsule, and from there pass up- 
ward to the thalamus in tlic brachium of the anterior quadri- 
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geminal body. In this bracliium anterius tlie fibres pass 
downward to the optic tract. The brachium anterius, which is, 
therefore, composed of fibres from the cortex and of fibres to 
■ the optic tract, passes, with the fibres from the cortex only, into 
I the corpora quadrigemina. Tlie fibres to the optic nerve spread 
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over tlie gray surface of the quadrigemiiial body (stratuai zonale) 
and end in a fine network, which apparently takes its origin iu 
the numerous delicate cells which are found in this locality. 

Tlie posterior quadrigeminal body appears also to stand in 
some relation with the optic tract, but it is veiy improbable that 
it contains fibres which are of any use iu the visual act. Its 
bmchium originates in the corpus geniculatum mediale and in 
the hitherto unraentioned coramissura inferior (Gudden's com- 
missure), which passes along with the optic tract to the posterior 
angle of the chiasm. (See Fig. 66.) It may also, perhaps, con- 
tain fibres from the temporal lobe. The extraordinary develop- 
ment of the posterior quadrigeminal body in cetaceans, and the 
huge bands of fibres which pass from it to tlie nucleus of the 
acoustic nerve, make it probable (Spitzka) that this ganglion 
stands in some relation to the sense of hearing. The results of 
experiments undertaken to elucidate the point seem to agree 
with this. Aiter destructiou of the acoustic nerve the posterior 
quadrigeminal body is said to become somewhat atrophied 
(Baghisld). It seems to me, however, that this special point 
needs further investigation. 

Viewed latemlly the relations of the quadrigeminal brachia 
to the ganglia and the optic tract are plainly seen; also the 
situation of the corpora geniculata; the corpus geniculatum 
mediale lying close to the posterior brachium, and the corpus 
geniculatum laterale seeming to be tiirust between the pulvinar 
and the optic tract. The corpus geniculatum laterale was men- 
tioned when we were describing the thalamus. From the latter 
ganglion fibres pass to the optic tract aside from those which 
issue from the pulvinar and the stratum zonale. The optic 
fibres, from the anterior quadri&mjÜMl^ody, have already been 
described. Ih&j^^^Bgtiu^^^^^^KA great extent, in its 
brachium. B^^^^^^^^^^^^^^^^Keives from the 

1 of Ji^^^^^^^^^^^^^^^^B from the gray matter 
J optic root). Compare 
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We liavc now reviewed llie origin of the opUc nerve aa shown in ilisaeciionB 
or tlie adult human brain. According to J. Stilling, tlicre ia ndded still nnoUicr 
root wliicli ascenrlB in tlie pedunculua cerebii from tlie lapdulla obluugilla. 
However, all Xhrne SbreB niul nuclei are so difficult to locate and llillow out In tlio 
buman being that we niuat ask oureelveB tbe question how far thvBO diBCuverlee 
Bre borne out by investigations on tlie lower auluials. Comparative Rnatniuj' 
farnishi^s us an opportunity to study optic traclB of such a comparaltvely hn^o 
size (in fishes and birds) that tlio relations of these parts ran he much wore 
easily determined. From the study of these animals, as well as of rpptiles and 
Brnphibiuna, we can söe that the optic nerve, as a whole, ccrlninly origlnntes in 
Uie anterior quadrigeminal body ; that in its course past the lateral genicnlolo 
body it receives fibres from thai ganglion ; and that, flnally, a bniiil root from the 
region behind the infundibulum is associated with it. Gxpcdmoncnl rescarchps 
on mammals (Qudden, Qanser, Monakow) show that the early extirfuiilon of an 
eye is followed by degeneration of the anterior quadrigeminal body.of Ihc corpus 
genicnlatum laterale, and of fibres from the pulvinnr. The pulvinar is, howevor, 
very amatl in moat mammals, and first attains a oonsidemble she In the primates, 

"We may i-cgnrd it as definitely settled that tlic optic nerve 
has its origin in tlie anterior qnadrij,'emiiiiil body, tlie corpus 
geniculatum liitcralo, the pulvinar, the stratum zonale, and the 
base of the hmiii. The roots from the corpus geniculatum 
mediale, the corpu.s stibthalamicura, and the pediiiiculus cerebri 
have not received the necessary corroboration by the various 
methods of iuvestigation. 

The connections Iwtwceu the cortex of the occipital lobe 
I and some of the points of origin of the optic nerve have already 
heen discovered. These connecting fibres make up the optic 
radiation, which passes from the occipital lobe to the most 
posterior part of the internal capsule, and from this point can 
be traced into the thalamus and the brachium of the anterior 
qaadrigemiual body. It is shown in Fig. 44. Its fibres, how- 
ever, do not end as there represented, in the lateml portions of 
tbe occipital lobe, but ti'ending toward the median line, in planes 
which lie outside of tliis section, extend as far as the cuiieus. 
In destrortise disease of the occipital lobe and of the posterior 
P»rt of the interna] capsule the same symptoms appear as in 
Bmibr leäoDs of the optic tract on the same side. The outer 

'■ hiMaf the tetina of the ejc on the injured side and the inner . 

H| bdf of fbe retina of the opposite eye degenemtc. ^^^^^^ 

I 3 
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Let us, now that we have learned something concerning ' 
the region of the corpora quadrigeraina, take up the study of a 
section made perhaps 5 millimetres bcliind the stmctures shown 
in Fig. 59. This section divides the two pairs of qiiadrigeminal 
bodies, passes through the underlying tegmeutnm, and lastly 
through the pedunculns cerebri. 

Let us first study those structures which we have already 1 
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met with. Externally on each side is the pulvinar thalami, 
from which the optic nerve seems to arise, the corpus genicu- 
latum laterale, as it were, inserted into its course. It receives 
a thick auxiliary bundle from the brachinm of the anterior 
quadrigemiual body (shown most clearly on the left), above 
which yon will recognize thecoi-pus geuiculatum mediale, which 
has been cut into by the section. 

Below the pulvinar arises the pedunculns cerebri. At this 
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point it contains tlie following tracts: 1. The fibres from tlio 
motor region of the cortex, wliich we have learned to know as 
the pyramidal tmet in botli the corona radiata and the internal 
capsule. They he near tlie middle and arc slightly shaded in 
the cut. 2. The fibres from the frontal lobe to tiie pons, sitii- 
ated internal to the pyramidal tract, 3. The fibres from the 
occipital lobe to the pons. They are sitnated external to the 
pymmidal tract. Above these three divisions of the pes pedun- 
culi, of which the first mentioned earliest receives a medidlaiy 
coi'ering, are found fibres apparently from tlie coi-pus striatnm, 
which are not designated in the cut (compare Fig. 50). — Mey- 
nert's stratum intermedium, — and 
then comes the substantia nigra, an 
aggregation of fine nerve-fibres and 
ganglion-cells whose significance is 
wholly unknown. External to this 
(ff, in Fig. 62) hes another little 
ganglion, wliich, so liir as I know, 
has nc^■cr been described. 

In the tegmentum yoii will at 
once notice the two large, round, 
gi'ay bodies; they are the red nuclei 
(compare Fig. 59) ; the corpus sub- 
thalamicum, which is shown near it 
iB Fig. 54, has disappeared when we reach this level. 

The red nucleus, which receives fibres from the thalamus 
(and tegmental radiation 1), is, at this point, i.e., under the cor- 
pora quadrigemina, very rich in medullary fibres. These pass 
under the posterior quadrigeminal body toward the middle line, 
and decussate with the fibres of tlie opposite side. They belong 
to the superior peduncles of the cerebellum. The decussation 
is called the decussation of the superior cerebellar peduncles. 
It is shown in Fig, 63. Fartlier back the crossed cerebellar 
pedunculi develop into thick bundles of fibres, which he external 
to the red nucleus ; they gradually attain a still more external 
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position, and finally reach the surface. From Iiere they pass I 
backward to the cerebellum, as is shown in Fig. 60. I 

A section made almost horizontally through the thalamus, ' 
the corpora quadrigemina, and the cerebellum, following the 
course of the superior cerebellar peduncles, would give us the 
relatious between the thalamus, the nucleus ruber, tegmental 




striation, pedunculus ccrebelli superior, and the cerebellum, 
somewhat as they are depicted in Fig. 65. 

In the cerebellum the superior peduncles enter the corpus 
dentatum. 

External to the red nucleus there is shown in Fig. 62 a 
bundle of fibres which appear to emerge from under the corpora 
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qiiadiigemica, and which have been cut off obliquely. Tliey 

pass backward in the region over the substantia nigra. These 

fibres arise in great part from the ganglia ol' the corpora quad- 

rigcmina. Thoy are called the lower fillet. The upper fillet, 

which arises mainly from the tegmental striation, or, rather, 

' from tije ansa lenticularis; lies, at the level which we are now 

■ considering, just outside of and below the red nucleus, and ap- 

I pears as a separate bundle of transversely divided fibres. To 




lie inner and outer sides of it the fibres of the lower fillet are 
Pjoined to it. Thus it comes that there is a wide area of trans- 
■ irersely divided fibres just above the substantia nigra, and this is 
p called the layer of the fillet (stratum lemnisci). 

The greater pan of the 1a;er of the fillet can be trncud cnudad to the 
nuclei of the senaory nerves and of the posterior column. Moynert flist showed 
that thie was a portion of the sensory tract. Emiiryology and coniparntive 

C equally bear out this view. Wq shall study the course of the fillet 
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The sti-atum lemnisci, then, contains two elements, — ^thc ' 
upper and the lower fillets. The lower (better, mid-brain) fillet 
arises chiefly from a system of fibres which liiis not been men- 
tioned before, the deep marrow of tlie roof of tlie mid-brain ; but 
it also arises in part from the gangUon of the posterior quadri- 
gcminal body. This is clearly sliown in an oblique section down- 
ward through both pairs of quadrigeminal bodies, as represent* 
iu Fig, 65. The ganglion above mentioned consists of a large»^ 
roundish nucleus permeated by a net-^vork of fine fibres. This 
is the only ganglion situated in the posterior qnadrigeminal 
body ; the latter, therefore, does not present that stratified ap- 
pearance, alternately gray and white, which is characteristic of» 
the anterior quadrigemiual body, — the ganglion opticnm. It ii 
coimected with its fellow of the opposite side by the fibres run-J 
ning over the aqneduct of Sylvius, 

Phylogenetically the deep maiTow is a very old system.' 
It is present even in the simple bmins of the lower vertebrates, 
and in these, as in the human being, early receives its medullaiy 
sheaths. Its fibres arise in the joof of the mid-brain, springing 
from layers which lie beneath the origin of the optic nerve. 
Frora this point they at first radiate inward, but, on reaching-* 
the central gray matter, they turn and run ventrad. The most 
lateral of these fibres, united with those which come from the 
opposite side, pass into the lemniscus; the more median fibres, 
however, pass down around the aqueduct of Sylvius and decu 
sate with the analogous fibres of the opposite side. In humaill 
"beings the termination of these fibres has not yet been made* 
clear. We call them by the name proposed by Forel, the 
'.' fountain-like" decussation of the tegmentum (Figs. 66, 70, 72). 
In fishes and birds these particular fibres of the deep marrow J 
are so extensively developed that their course is much more.l 
readily recognizable. In them, as well as in amphibians andjl 
Teptiles, we see that, except so far as they pass Into the filleLI 
this system of fibres is contained wlioUy in the mid-brain ana 
terminate iu cells situated both on the same and on the opposite 
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sides. In human beings we find groups of cells at points cor- 
responding to these terminal cells of birds, fishes,'etc. (lateral 
and median ganglion, Fig. 66). 

In the centml gray matter, under the corpora quadiigemina, 

I we first meet with ganglion-cells which give origin to a cmnial 
nerve, — the oculo-motor. From their union, which forms the 
oculo-motor nucleus, the roots of that nerve pass ventrad 
through the tegmentum and the crusta to the anterior surface 

I of the brain, and emerge in thick bundles. (See Fig. 72.) The 




I oculo-motor nerve contains fibres to several internal and external 
■jQuscles of the eye. From the fact that nuclear paralyses of 

^single muscles from the group supphed by this nerve have been 
Köbserved, it is probable that this nucleus consists of a complex 

of small nuclei somewhat separated from each other. In human 
Kbeings, indeed, a distinct demarcation can be made out in several 
arts. Far forward, lying partly in the lateral wall of tlie third 
»ventricle on each side, is a small nucleus, — the nucleus anterior, 
lit sends a few fibres candad to the main portion of the nerve. 
■Behind it lies the nucleus posterior. It extends the whole 
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length of the aqueduct of Sylvius, and is composed of large 
multipolar ganglion-cells. In this nucleus we observe a certain ' 
tendency in the cells to become separated into groups. One 
coUectiou of cells lying dorsad of the rest is plainly distinguish- 
able. While all the other ociilo-motor fibres emei^ from the 
side on which they originate, the fibres from tliis group of cells, 
as was first shown by Gudden, pass in a median direction and i 
decussate with those from the corre- | 
sponding group on the opposite side. 
Besides tliis dorsal group a median 
group can be distinguished, just in 
the middle line, which gives c 
fibres on each side. 

Fig. 67 represents, partly in 
diagram, the nuclei in the floor of 
the aqueduct and their relations to 
the iierve-roots. You will notice i 
the cut two small nuclei situated 
one on each side of the median line, 
and connected with each other ante- 
riorly and below. They are marked 
a and b. These two nuclei, which 
were first observed by myself in ioetal 
brains, and later by Westplial, dur- 
ing a painstakiiig examination of the | 
adult brain, lie in a thick net-work , 
of nerve-fibres. It is not yet knoivn I 
whether they stand m any relation 
to the oculo-motor, and, if they do, what the relation is. We ' 
possess such an array of clinical facts and discoveries made by 
careful post-mortem dissections that we may venture to desig- 
nate tlie particular spot in the nucleus which supplies each ^ 
individual ocular muscle. 

I «'ill give you Starr's table, the latest result of tlieae ' 
researches which were so happily begun by Kahler. According 
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to this table, the nuclei of the individual muscles are arranged 
in the order given below, from before backward, thus : — 

Sphincter iridis. Musculus ciliaris. 

Levator palp. Rectus int. 

Hectus sup. Rectus inf. 
Obliquus inf. 

The nerves to the internal muscles of the eye apparently 
spring from the anterior nucleus. The crossed track and, per- 
haps^ also the median division of the posterior nucleus are 
accredited to the rectus internus. Although clinical experience 
teaches that there is both a direct and a crossed communication 
between the oculo-motor nerve and the centres of the optic 
nerve, yet the anatomical basis of this fact has not been dis- 
covered. Net-works and bundles of fibres which might com- 
plete the communication are to be found in this region. As yet, 
however, no experimentum cruds has been performed, nor has 
there been made apy clinical observation supported by post- 
mortem examination which would clear up this point. 

The nucleus of the oculo-motor lies ventrad of the aque- 
duct of Sylvius; that is to say, in its floor. Later on, as we 
pass gradually backward in our study of the tegmentum, we 
shall find the nuclei of most of the other cranial nerves in the> 
region of this floor. 

The cranial nerves all arise directly from their nuclei. To 
each of these nuclei fibres pass from higher parts of the brain. 
They come from the opposite side and decussate in the middle 
line before entering the nucleus. Clinical experience goes to 
show that the upper part of the cranial-nerve tracts — that is, 
above the nucleus — extends to the cerebral cortex. 

The course of the fibres in the vicinity of the thalamus and in the regio 
subthalamica is less certainly known than in most other parts of the brain. 
Among the workers in this difflciilt field, Meynert, Forel, Gudc>en, Flechsig, 
Wernicke, and the author are to be mentioned. 

The origin of the optic nerve has been principally worked out by Meynert, 
J. Stilling, Tartuferi, Gudden, Bellonci, and Monakow. 

You will, gentlemen, have a better comprehension of many 
pathological nervous phenomena if you will, for t};e time, adopt 



In the beginning of to-day's lecture you learned that cer- J 
tain fibres of the ]>osteriov commissure curved backward. These , 
fibres, together witli othei3 wliich arise in the deptlis of the 
inter-brain, are met with as a fine fasciculus ventrad of the 
anterior ocnlo-motor nucleus. As we pass hack, tliis fasciculus 
progressively increases in size. Tliere are added to it numerous 
fibres from the nucleus of tlic oculo-motor. AVe shall, from 
now on, meet with the triangular cross-section of this bimdle, 
whicli is composed of fibres from such various mgions on eveiy 
transverse section of the brain, from the level of the corpora 
quadrigeminn down to the beginning of the spinal cord. This 
bundle is called the fasciculus longitudinalis posterior. Inasmuch 
as fibres are given off along the whole course of this binidle to 
the nerve-nuclei, as can be plainly seen in embiyos of the sixth 
to se^'enth month, when few other fibrcs are medullated, and, as 
this bundle projects farther back than the nucleus of the ahdu- 
cens, it is probable that the fasciculus longitudinalis posterior not 
only contains the fibres of communication between the nuclei 
of tlie ocular muscles, but that it also contains fibres to other 
cranial nerves. Fleclisig is also of this opinion. 1 have never 
s\icceeded in tracing this fasciculus farther than the nucleus of 
the oculo-motor previous to the ninth month. Series of longi- 
tudinal sections stained with htematoxyliu (one of which is 
represented on iwecediug page) are decisi^'e. Not all fibrcs of 
the fasciculus longitudinalis posterior receive their medullary 
substance at the same time. 

In the neighborhood of the posterior quadrigeminal body 
thei-e is an interchange of fibres between tlie two fasciculi longi- 
tudinales posteriores. By this means there is established a com- 
munication between the oculo-motor and the trochlear on one 
side and the opposite abduccns. 

The numerous systems of fibrcs which run their course in 
the region of the corpora qnadrigomina can only be difibren- 
tiated by studying the development of their medullary sheaths. 
I should therefore dislike extremely, gentlemen, to close these 
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' lectures witliout demonstrating to you a spccimcu which has a 
bearing upon this subject. 

In Fig. 70 ive have a eection thi-ough the anterior qnadri- 
gemiual body, close to the posterior commissure, from a child 
born during the ninth ftetal month. Evciy one of the fibres 
whicli are medullaiy at this period is stained black by hfema- 
toxylin. 

You will easily make out the features which we have just 
described. Here your attention is, for the first time, called to a 




KroDtal section througli tbe 



lorly of iB month*' f(etu9. 



little eircidar bundle of tmnsversely divided fibres Ij'ing between 
!■ the red nuclei, and marked h. It arises in the ganglion habe- 
nulae and passes backward to a small ganglion which lies be- 
tween the ciiira cerebri, and is called the ganglion inter- 
pedunculare. In that situation the fibi-es decussate with those 
of the opposite bundle before entering the ganglion. Tliis 
I bundle is called the fasciculus retroflexus, or Meynert's bundle. 
Its course is shown in Fig. 71. Compare also Fig. 59. 

You see in Fig. 70 a mass of fibres belonging to the 1cm- 

I niscus and passing around outside the red nucleus to the region 

over the substantia nigra. In the cmsta there is at the ninth 
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montli only one small fasciculus, winch has become medullari 
It lies externally, and is not shown in the cut, It omergea | 
probably from the ansa lenticularis. 

In Fig. 72 we liave a picture which represents most of tlie I 
structures ivbich can be seen in a section just behind tlie ante- I 
rior quadrigemiual body. This cut is prepared from specimens 
at various periods of devolopniont. We will make use of it for 
a review of to-day's lecture, and look up the tbllowiuf;; important 
points : — 

1. Roof of raid-brain : Anterior quadrigeminal body ; from 
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Dlagtam nf a «oelctal section through tbi; tlialoDiiia and tlie Dorpora quocliigemlna. 

this there arises dorsad the brachium to the optic nerve, ventrad I 
the deep marrpw, the decussation of the latter over the aque- J 
duct, the centml gray matter siuTounding the aqueduct. On the J 
outer border of the central gray matter a small nucleus, uuraen- , 
tioned before, wliose vesicular cells will be found in the sa 
relative position throughout the entire mid-brain. From it , 
arises a slender bundle of fibres which, progressively increasing 
in size, passes downward to the pons and there associates itself 
with the emerging fibres of the trigeminus. It is the descend- 
ing root of the fifth nerve. 

2. Tegmentum : In the ventral portion of the central gray I 
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matter the nucleus, posterior medialis, and lateralis of the oculo- 
motor ; to it are added fibres from the deep maiTow and from 
the fasciculus longitudinalis posterior; external to and continu- 
ous with the latter th(; fibres of the posterior commissure. Ex- 




Fo 72 

Section jnft bnck of the antprio q a item al body cou b ned ( om Bpcolniena at 

QiffurQiit btages of u ed a > d y ment. H» atox Ian g 

ternal to this a medullaiy tract, which apparently extends hither 
from the thalamus, from wliich it took its departure in the foim 
of the laminte medulläres. Tlie fillet from the corpora quad- 
rigcmina, and that from the tegmental radiation ; internal to 
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tlie fillet is the nucleus inl}er tegmenti, from which the numerous 
fibres of the superior cerebellar peduncles arise! Near the 
median Une is that decussation of the fibres of the.deep marrow 
wliich has been named the " fountain-like " decussation of the 
tegmentum. Between tlie latter and the pedunculus superior 
cerebelli is seen a portion of the descending fasciculus retro- 
flexus. Fig. 71 shows how it reached this region. 

3. On the boundary between thecrusta and the tegmentum 
we recognize the substantia nigm Sommeringi, in which run 
many fibres, — stratum intermedium, — which arises in the len- 
ticular nucleus. 

4. Pes pcdunculi : The pyramidal tract is shown still non- 
medullary, as it appeared in the specimen from a 4-week-old 
child. The fibres lying internal to it come from the frontal 
lobe ; those on its outer side from the parietal lobe. At about 
this level one bundle leaves the pyramids, and, passing along the 
border of the pes, becomes associated farther back with the fillet, 
and forming the most median layer of that fasciculus. Spitzka 
has shown that most probably this bundle contains the cerebral 
tracts of the cranial neiTcs. Internal to it, in the cnt, emerge 
the roots of the oculo-motor nerves. Shortly before their exit 
they pass through the pednnculna corporis mamillaris. 

We have now only to mention those symptoms wliich may 
with reasonable certainty be taken as indicating disease in the 
region of the coi^iora quadrigemina. 

Lesions in the regio subthalamica involve such a tangle of 
different sorts of fibres that their symptoms are of the most 
manifold description. A certain diagnosis can hardly be made. 
Foci in the vicinity of the pes pedunciili involve the motor fibres 
to the opposite side of the body and the neighboring cranial 
nerves. Sensory and vasomotor disturbances may also be present. 
GeneiuUy, not only the muscles of the extremities and one or 
more of the cranial nerves are paralyzed, but there are also 
present disturbances of the ocnlo-motor nerve of the side of tlie 
lesion. If there is a simultaneous piralysis of one oculo-motor 
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nerve and of the opposite half of the body we may suspect 
trouble under the corpora quadrigemina. Such patients have 
either wholly or in part lost control of the limbs on one side of 
the body, the upper lid droops, the pupil is dilated, and the 
whole eye turned outward by the rectus externus. The same 
symptoms rhight come from a tumor at the base of the brain, as 
is evident from Fig. 57. It is, therefore, important for diagnostic 
purposes to know whether the ocular paralysis appeared simul- 
taneously with the paralysis of the extremities, — a condition of 
things which could only vei'y rarely occur in the case of a tumor 
at the basis cerebri. If anaesthesia appear, it is only present in 
the side opposite the disease. The sensory fibres run to a great 
extent in the lemniscus. 

If a disease-centre extend farther dorsad and involve the 
corpora quadrigemina themselves^ there appear, as may be easily 
understood from a glance at our cross-section, paralyses of the 
oculo-motor, which may involve either one or both nerves. In 
disease of the anterior quadrigeminal body there is amaurosis ; 
in some cases the ophthalmoscope reveals absolutely nothing. 
In tumors, of course, as in tumors in other regions of the brain, 
we may have choked disk, atrophy of the optic nerve, etc. 
Generally, the pupil does not react either way. We do not 
know what symptoms are caused by disease of the posterior 
quadrigeminal body. Disturbances of equilibrium and co-ordi- 
nation have been observed in such cases. 

We shall most strongly suspect disease of the corpora 
quadrigemina if, in cases of paralysis of the oculo-motor, we 
can exclude peripheral, causes (on the base of the brain), or 
when only a part of the oculo-motor (for instance, the fibres to 
the internal muscles of the eye) is injured. In affections of a 
peripheral origin this would be impossible ; such paralyses .are 
nuclear. 
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THE PONS AND THE CEREBELLUM. 



Gentlemen: We learned in the last lecture that the 
bundles of fibres from the fore- and inter- brains arranged them- 
selves into two layers in the region of the mid-brain. These 
layers were called the crusta or pes pedunculi and the tegmen- 
tum. Back of the corpora quadrigemina the aqueduct becomes 
markedly broader. Both pes and tegmentum pass under it and 
farther back into the hind-brain. Only one division of the teg- 
mentum, the anterior peduncles of the cerebellum, arising in 
the red nucleus, now passes dorsad from the floor of the mid- 
brain to the roof of the hind-brain. From this roof has been 
developed the cerebellum in adults. The spacq lying under it, 
the continuation of the aqueduct, is called the ventriculus 
quartus. The prolongations of the crusta and tegmentum are 
contained in the floor and lateral portions of the hind-brain. 

Let us first see what becomes of the fibres of the pes. Not 
far back of the coi-pora quadrigemina a thick mass of white 
fibres is laid across the crusta. Arising from the cerebellum, 
they pass down, surround, and cover the region of the pes in a 
thick layer. . Taken together, these fibres are called the pons. 

Only a portion of these fibres cover in the surface of the 
crusta (stratum superficiale pontis); the majority of them dip in 
between the fibres of the latter, and divide them into isolated 
bauds (stratum complexum et profundum pontis). 

You will remember that of the fibres which pass downward 
from the brain in the crusta a part could only be traced as far 
as the pons. They were the fasciculi from the frontal, parietal, 
and temporal lobes. The pyramidal tract from the central con- 
volutions passes through and below the pons. Almost the 

(127) 
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whole inner and the whole outer third of the pes go no fai-thcr 
than the pons. Below this point only the fibres of the middle 
third, t)ie pyramidal tract, appear. The accompanying figure 
shows this and gii'es a front view of the pons, together with the 
fcrnra cerebri and the cerebelUini. The pyramidal tract is 
shaded dark. 

Fig. 74: shows in diagram the armngement and course of 
fibres in a section through tlie pons. The fasciculi come from 
abo^e on each side, out of the cerebellum, surround and pene- 
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träte the fibres of the pes, and, crossing over to the opposite side, 
are associated with the longitudinal bundles of the latter. It is 
pretty well established that they are connected with a good 
share of the fibres of the pes and serve to establish a communi- 
cation between them and the cerebellum. How this is effected 

■ is not known. Numerous gangUon-cells lie among the fibi«s 
of the pons. These are caught in a fine net-work of medullai7 
fibres, and to this network only can the fibres of the pes be 

■ traced on the one hand, and the fibres of the pons on the other. 

This much is certain, that bundles arise from the region of 
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I the pons which pass at right auglos to tliose of the crusta over 

to the opposite cerebellar hemisphere. 

Aside from tliis it is not certain, and not even proTiable, 
I that all the fibres of the pons are to be regarded merely as con- 
I ■tiuuations of tlie cerebral fibres. The arms of t!ie pons(hrachia 

pontis) contain more fibres tlian are conveyed to it by the crusta. 

Moreover, many of them acquire medullary sheaths at a time 
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when no single fibre of the crusta ia so enveloped. This con- 
dition I have seen in cats. 

Although tlie pes pedunculi is pierced through and through 
hy the fibres of the pons, and in part diverted into the cei-e- 
beUum, yet the tegmentum is continued through the region of 
the )X)ns with very little change. In the last section through 
the quadrigeminal region we distinguish the ibllowing a» the 
principal structures of the tegmentum (compare Fig. 62); — 

1. The gray substance around tlie aqueduct, together with 
its nerve-nuclei. 
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2. Below it the fasciculus longitudinalis posterior, andl 
extevnal to this — 

3. The fibres of the posterior commissure. 

4. The fibres from the strise medulläres thalami. 

5. The red nuclei in the midst of the tegmentum, and spring*- 1 
ing from them the superior or anterior cerebellar peduncles. 

6. The lemniscus. 

7. The peduuculus coi-poris mamillaris. 

8. Fibres from the deep marrow near the median line. 

9. Fibres from the stratum intermedium. 
■p^Cnro vf=-,f]iing the region of tlie pons, the rcd nucleTia I 

begins to diminish in size, the an- 
terior cerebellar peduncles arising ' 
from them pass more and more 
toward the periphery, and here 
form two tirick, white strands, wliich 
lie between the region of the red J 
nucleus and the fillet. In Fig. 751 
we see the firet traces of them atl 
B, and in sections made a little J 
iarther back, but which still pass 1 
It of ite pone and throug-li the conjora oiiadrigemina, 1 
p^SIIÖIm; if'Rii'et^'ora°n™wtoS t^cj' are already found somewhat ] 
Ä,,?um Z'^^ilEd^S.'i"^ h»™^ farther toward the periphery (Fig. 

76). In Fig. 77, which represents J 
a section through the velum medulläre posticura, they form the j 
outside margin of the cut. Soon after this they pass into the I 
cerebellum. 

The region which is left tinoccupied by the disappearance I 
of the red nucleus is filled in by the increasing fibres of the sub- ] 
stantia reticularis, which we shall study later on. 

The aqueduct, as before stated, becomes expanded into the 
fossa rhomboidalis. The gray matter surrounding it also 
increases in area. A new nerve-nucleus, that of the nervus 
trochleaiis, is met with in this I'egion, Its fibres, however, do i 
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not, like those of the oculo-motor, pass backward through the 
tegmentum. They run direetly candad from their point of 
origin, then turn upward and decussate with the corresponding 
fibres of the opposite side in the velum medulläre anticum. 
Thus they emerge from the bi-ain on its dorsal aspect, just 
behind the corpora quadrigemiua. Portions of the course of the 
trochlear fibres are shown in Figs. 76 and 77. According to 
J. Stilling, the nerve also receii'es a rootlet from the cerebellum. 
The whole course of the nerve, as obtained from dissections, is 
shown in Fig. 67. Oculo-motor fibres are no longer given off 
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I at this level. The posterior longitudinal fasciculus and the 
, stratum leranisci, however, are continued down to this level. 
I They still occupy the same relative positions which they did in 
I the quadrigcminal region, as may be seen by comjmring Figs. 
12, 75, 76, and 77. In sections through the commencement of 
} the pons the substantia nigra has disappeared from view. Thus 
I it comes that the layer of the fillet is no longer separated from 
I the pes, but lies directly upon it. 

If we have once formed a clear idea of the different stnic- 
Itures to be seen in a good section through tlie quadrigeminal 
I region, we sliall have no difficulty in recognizing and locating 
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them in a section through the upper part of the pons. The 
main points of difFerence are the changed position of the cere- 
bellar peduncles and the altered sha^w of the gray matter under 
the broadening aqueduct, where new nerve-nuclei now appear. 

In sections lower doHTi, however, the whole appearance of 
things is changed. This comes from the fact that the roof of 
the ventricle, candad of the velum medulläre anticnra, is devel- 
oped into the cerebellum, and that fibres from both the tegmentum 
and the crusta enter into hitimate association with the latter. 

The anterior peduncles and the fibres of tlie pons disappear 
into the cerebellum. From the medulla oblongata and the 
spinal cord below come fibres which are first interwoven with 
the tegmentum and then pass to the cerebellum. 

It is, therefore, better for us to abandon temporarily the 
study of the tegmental fibres at this point, just behind the 
corpora quadrigemina, and to turn our attention to other parts 
of tlie central nervous system, whose processes and prolonga- 
tions all meet just here. You will, unquestionably, be better 
prepared to understand a section through the tegmentum after 
you have learned the arrangement of fibres in the cerebellum, 
and have obtained an insight into the structure of the medulla 
oblongata and the spinal cord. 

The cerebellum consists of a median portion, or "worm" 
(vermis), and the two hemispheres. It is connected with the 
inter-brain by its anterior peduncles from the red nuclei, with 
the fore-brain through the bi-achia pontis, — median peduncles. 
Through the former it receives fibres from the thalamus and the 
region of the tegmental radiation, through the latter fibres from 
the cortex of the frontal, parietal, and temporal lobes. A tlüi-d 
connection is effected through the posterior peduncles (corpora 
restiformia, which we shall consider later), with the medulla 
oblongata and the spinal cord. In the accompanying figure, 
which shows the cerebellum as seen from above, we observe — 

1. The situation with respect to the corjjora quadrigemina, 
from beneath which the anterior peduncles pass to the cere- 
bellum. 
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2. The general form of the organ, the vermis in the middle 
and the hemispheres on each side. Both vermis and liemispheres 
are divided into several good-sized lobes. Those of the vermis 
are arranged around the central white substance like the fans 
of a steam-ship's screw. (This is shown in Fig. 81, which rep- 
resents a sagittal section through the middle of the vermis.) 

The vermis is connected on each side with the white sub- 
stance of the hemispheres, which is divided into lobes by deep 




fissures, and into ridges by shallow ones. The dorsal surface of 
I the vermis is called the superior venniform process. It is divided 
|into — 

1. The lingula, far for^vard between the anterior peduncles, 

2. The lobulus centralis (central lobe). This passes over 
|jnto the alte lobuli centralis on each side. 

3. The monticulus, of which we call the anterior portion 
I the culmen and the posterior portion the decli\ity. 



13-1 



LECTUHES ON THE CENTRAL NERVODS SYSTEM. 



4. The folium cacuminisj at the posterior extremity of thi 
vermis. 

On the dorsal surface of the hemisphcrea we can distinguisha 

1. Tlie anterior upper lobe, also called the lobus quadi'aa 
giilaris, on eacli side of tlie mouticulus. In front of it are thi 
alaj lohuli centralis. 

2. Tiie posterior upper lobe (lobus semilunaris Buperior)J 
Both posterior upper lobes are connected by the folium cacum' 
nis. The following cut shows the lobes of the under surface on 
the cerebellum. It presenb a soniewiiat complicated appearanceJ 




In order to obtain a good view we must first sever the connei 
tions of the cerebellum with the mid-bi"ain, the pons, and tb^ 
medulla oblongata. Thus, on each side are the three cut sm 
faces of the three cerebellar peduncles. Between the anter]^ 
peduncles lies a tliin membmne, the velum medulläre anticun| 
which is a part of the roof of the hind-brain. It is shown c 
through in the figure. 

The lobes on the under surface of the vermis arc called— 

1. The nodulus. 

2. The uvula. 
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3. The pyramis (pyramid). 

4. Tuber valvula;, lar back, and extending partly over on 
the dorsal surface. 

In the hemispheres lie — 

1. The flocculus, ou each side of the nodulus. 

% Ttie tonsilla, on each side of the uvula. 

3. External to the last mentioned, the lobus cuneiformis. 

4. Beliind this, the posterior lower lobe, lobus posterior 
inferior. Its anterior jmrt is called the lobus gracilis and its 
posterior pait the lobus bemilunaiis inferior. 




Fxa.9a. 
Thf> Miree podmicles nrEsInK In tfie mfd-limln, tlie pnn*. uid tlie fji'.niil poril, anil na^i- 
iiif iDlo tlie oerelielliiin. After HInohfrld and LevellW (Sapiiej). EhoenttiiK troiti 
Imintb Iba oon!'"^ qiuulrl((Bnilna (8> oui be seen Itis Buperfnr cerebpllnr ppditticlea (S| ; 
from tbB ventnu lur&ce noma the mliliUs p«ilaticle> or anoa of the |hhu (T), and frnm 
tbe splaal cord awenil tlie rcBttfomi bodlea or Inferior peduuol« (S), On entering tbey 
decusHlawltli tbesuMrliiTiieduucIca. Natlm. ton. tbe f onn of tlio rhomliolila] russu (1 f, 

ItiiBMrla!iuiUB«i»(i), Ibeckraof tbafimiauliBiaclUifll. AC a !■ ilie aUet. 
In the above cut you see tte three bundles of medullary 
fibres just mentioned [mssin^ to the cerebellum on each side. 
These extend to the central white substance of the hemispheres, 
And this in turn is continued into the medulla of the lobules 
and ridges. These ridges are covered with a gpray cortex, wliich 
follows closely all the elevations and depressions of tlie surface, 
so that its extent is relatively much greater than would be sup- 
B~posed from the size and shape of the cerebellum. 
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In the hemispheres the white substance is rather plentiful ; 
but in the veiinis it is scanty. The accompanying sagittal section 
(Fig. 81) through the cerebellum passes directly through the 
veiinis. It shows the wliite substance of tlie latter prolonged 
anteriorly into a thin membrane, tlie velum medullary anticum, , 
which extends toward the corjmra quadrigemina. This thin 
membrane, spread out between the anterior peduncles of tlie 
cerebellum, murks the point wliere tlic roof of the mid-brain is 
continuous witli the roof of tlie hind-brain. Upon it hes the 
most anterior lobule of the cerebellum, — the lingula. 

The peculiar appearance presented by a sagittal section of 




the vermis gave rise to its ancient name, the arbor vitse. The 
ccntml mass of white matter is called the corpus trai>ezoide8. 
The lingula, lobus centralis, uvula, and nodulus all communicate 
sepamtely with it. A numbe» oi' the lobes of the monticnlus 
have a common connection with the coi"pus trajiezoides, and 
form the vertical branch of the arbor vitre. The posterior portion 
of tlie monticnlus, the folium cacuminis, and the tuber valvulte 
— that is to say, the lobes situated at the posterior edge of the 
cerebellum — form the horizontal branch of.the arbor vitas. 

Posteriorly, t)ie velum medulläre posticum passes out from 
the cei'ebellum, forms tfie roof of the fossa rhomboidahs, and is 
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continued on to the termination of the posterior columns of the 
spinal cord. 

The lateral portions of this roof are composed of a thickisU 
(principally gUa) tissue; in the middle line it is nothing hut a 
thin layer ot cuboidal epithelium. Numerous hlood-vessels from 
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the pia are distributed through it, and crowd it partly down into 
the ventricle (plexus choroideus lentriculi quarti medialis). 
Opposite the medulla oblongata, its latcnil portion forms a sort 
of sac, which is filled with vascular loops and is called tlie 
plexus choroideus lateralis (see Fig. 120), In the middle choroid 
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plexus, aa well as near the point of origin of the lateral ones 
there aie some minute perforations (Key and Retzitis). The 
middle one of these foramina in the modiillaiy tube is called 
the foramen of Magendie. It is of great importanee in obvi- 
ating sndden changes of pressure in tlie cerabro-spinal fluid. 

Into the above-described mass of the cerebellum ^mss the 
three pednnculi on each side. They pass into the large central 
mass of white substance, and from there become united with 
gmy nuclei and send fasciculi to the cerebellar cortex. 

Little is known a« to the connections and course of these 
cerebellar fibres. We know that they pass from the central 
white substance through a granular layer containing nerve and 
glia cells, that they extend beyond this and enter some peculiar, 
large, branched cells, — the ganglion-cells of Purkinje ; tliat tlie 
processes of these latter bodies repeatedly divide and pass to 
regions just under the surface of the cerebellum. Apparently 
these processes enter into some sort of relation with a net-work ' 
of horizontal and oblique fibres situated in this part of the 
cortex. These bend around and pass back through the granular 
layer to the white substance after anastomosing and interweav- 
ing freely with each otiier. A general idea of their course may 
be obtained from the dark lines in the accomimnying figure. 
Many more fibres return from the cortex than pass to its large 
cells, — a fact which can be explained by the ramifications of its 
cell-processes. All parts of the cortex are connected with each 
other by peculiar garlanded bundles of fibres, which closely 
follow the cortical elevations and depressions. 

Tlie cerebellum also presents collections of gray matter I 
aside from that in tlie cortex. On each side, in the midst of the • 
white substance of the liemispheres, there lies a large convoluted i 
nucleus, — the corpus ciliare or corpus dentatum. Internal to it i 
other collections of gmy matter are met with ; first, the embolus, 
then the nucleus globosns, a longish nucleus with a tuberosity 
at its posterior extremity ; and lastly, lying farthest inward, is the 
nucleus tegmcnti (nucleus fastigii). 
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the centre tiie white substance of the vermis and the niicleiis ^B 


tegmenti, and m front of these some fasciculi of decussating H 


fibres, tlie anterior decussating commissure. To the right and H 


left lie the white substance of the hemispheres, inclosing ttie H 
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nucleus globosus, the embolus, and exteroal to these the pHcated 
medullaiy lamina of the nucleus dentatus. The deep indenta- 
tions in the siirlace mark the position of tlie fissures between the 
lobes. Between the anterior peduncles {B Ji) lies, as I before 
stated, the hngula on the velum medulläre anticura: it is also 
cut through in a horizontal direction {A). 

All the nuclei which you see in the white substance are 
connected with each other by bands of gray matter. Their 
relations to the fibres of the white substance are almost totally 




of trlfcemlnuB. (Atter B. BtUUug.) 

unknown. If a frontal section is made just in front of the 
point where the peduncles enter the cei-ebelluni, then dorsad of 
its plane will be the cerebellum, and ventrad of it will be the 
pons and tlie fibres which pass from it on both sides into the 
hemispheres. Between the cerebellum and the tegmentum lies 
the fourth ventricle, bounded on each side by the divided pe- 
duncles. This is the continuation of the aqueduct of Sylvius. 
Tlie white substance of the vermis does not fall into the plane 
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of this section. The tegmentum and the crusta, the latter per- 
forated by the fibres of the pons, are arranged just as we saw 
them in sections through the quadrigeminal region. 

A good many of the bands of fibres shown in the accom- 
panying cut have not yet been described, because we have had 
no opportunity to consider the system of fibres pecuUar to the 
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I cerebellum. We have seen that fibres pass through the three 
I peduncles into the cerebellum ; our knowledge of their course 
is still very unsatisfactory, notwithstanding the fact that that 
I most sldllful investigator, Benedikt Stilling, was for years occu- 
pied in the study of this region. The diagram (Fig. 85) will, 
in the simplest manner possible, give Stilling's views as to the 
most important tracts of fibres.* It represents a frontal section 

Ut • The flhws of the roatiforui bodies are given according to my own inTEStlgatlona, some- 

^B what modified. 
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soraett'liat farther forward than tlie one given in Fig. 8-1. In 
order to simplify matters the anterior peduncles are represented 
as occupying a wrong i>osition, as may be seen by comparison 
with Fig, Hi. Tlicy ought to be shown lying close over the 
ventricle. 

The first tliiug to Jittract our notice is that the difierent 
parts of the cortex are connected by curved fibres, fibrae arci- 
formes. From all points of the cortex fibres arise, which, 
diverging from each other like the limbs of a tree, pass into the 
white substance. They are called the Uendritic tmcts. Before 
they reach the corpus dcntatum they are lost in a thick tangle 
of fibres. Se^'cral zones of these tauglod fibres can be distin- 
guished, and, from the fact that a true decussation can be made 
out in them, they have received the name of decussating zones. 
External to tlie ciliary body is a mass of fibres converging 
toward it, which in part cuter the gray matter and in part pass 
through it. This mass of fibres, on account of its resemblance 
to wool, is called the fleece. 

Tlie anterior peduncles enter the ciliar^' body and break up 
into a net-work of fibres. This net-work (intm-ciliary fibres) 
is connected, either directly or by means of ganglion-cells, with 
the before-mentioned tangle of fibres, the fleece (extra-ciliary 
fibres). Fibres pass from this intra-ciliary nct-worlt to the 
anterior peduncles, and to it from the cortex of the hemispheres, 
The anterior pedimcles, tlierefore, are composed of (1) intra- 
ciliary fibres (the majority of fibres composing them) ; (2) extra- 
cihary fibres ; (3) fibres from the hemispheres. The last two of 
these are only pit'seut in small quantity. 

The rcstiform bodies have their origin, to a great extent, in 
tlie fiecce, and, therefore, consist chiefly of extra-ciliary fibres. 
Those fibres, liowever, which pass through the central portion 
of the restiform bodies, and which originate mainly in the spinal 
cord, pass, in part, directly to the dorsal cortex of the vermis, 
and iu part pass around the corpus dentafum from without in- 
ward, and extend over to the ventral portion of the vermis, 
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where they are lost between the two nuclei globosi. These 
fibres receive their medullary covering as early as the seventh 
foetal month. Another band of fibres, which becomes meduUarv 
at a later period than the last mentioned, but still far in advance 
of the bulk of the restiform fibres, arises in the vicinity of the 
nucleus globosus and passes to the outer wall of the fourth 
ventricle median to the posterior peduncles. Its most anterior 
fibres make their exit from the brain along with the trigeminal 
nerve, others pass off with the acoustic, and still others run 
caudad. The latter become still fewer in the oblongata, ap- 
parently because some of them enter the roots of the glosso- 
pharyngeal and vagus. Still, this fasciculus can be traced in 
cross-section to the termination of the posterior columns of the 
cord. The whole tract is called the direct sensory tract of the 
cerebellum. I shall have occasion later to show it to you in 
several illustrations. To-day I will call your attention to a sec- 
tion through the brain of a seven months' foetus, in which you 
will recognize that portion of the tract which passes into the 
trigeminus (Fig. 86). 

Lastly, it should be stated that fibres pass directly from the 
hemispheres to the restiform bodies. 

The arms of the pons can be traced far into the correspond- 
ing hemispheres (hemisphere fibres). Near the cortex they are 
lost in the dense tangle of fibres. They receive, however, fibres 
from the fleece (extra-ciliary fibres). 

In recapitulation we shall find that the anterior peduncles 
are composed mainly of intira-ciliary fibres, the middle peduncles 
largely of hemisphere fibres, and the posterior peduncles chiefly 
of extra-ciliary fibres and fibres from the roof of the vermis. 
But each peduncle receives auxiliary bands from the point of 
origin of each of the other peduncles. 

The anterior peduncle and the restiform body also receive 
an addition from the white substance of the vermis. 

There is a point in the anterior part of the white substance 
of the vermis where many fibres decussate, — the anterior decus- 
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sating commissure. Tliese fibres come from the anterior - 
lobules, decussate in front of the nucleus tegmenti, and pass to 
the opposite side of the cerebellum. From here tliey can be 1 
traced into the anterior peduncles and the restiform bodies. 
Cerebellum 
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The fibres of the posterior lobules follow an exactly analogous I 
course, and fonn the posterior decussating commissure in the I 
back part of the wliite substance of the vermis. 

In the midst of the white substance between the two com- 
missures lies the nucleus fastigü (nucleus tegmenti), surrounded ] 
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and covered in by fibres which, originating in the horizontal 
branch of the arbor vitae, connect the two decussating commis- 
sures, and in part pass off to the cerebellar hemispheres with 
the fibres of the anterior of these commissures. Tlie nuclei 
tegmenti are connected with all these fibres. 

The external surface of the cerebeHum was described by Malacarne, Reil, 
and Burdach, just as it is described to-day. Investigations of its internal struc- 
ture were undertaken by F. Arnold, Reil, Eolliker, Meynert, and particularly by 
B. Stilling. Later researches as to the structure of the peduncles have been made 
by Bechterew, March!, and the author. A whole literature has been written on 
the cortex of the cerebellum, among the contributors to which are Purkinje, 
Gerlach, Hess, EöHiker, Fee, Schnitze, Obersteiner, Bee vor, and Qolgi. 

Diseases of the cerebellar peduncles alone are very seldom 
observed. For this reason we are not familiar with the symp- 
toms which would be caused by them. Gradual destruction of 
one brachium pontis may, apparently, give rise to no symptoms. 
Diseases which cause irritation (haemorrhage, for example) may 
bring about forced movements, generally of a rolling nature, 
now toward the affected side, and now toward the sound one. 
A forced position of the trunk or of the head only, with or with- 
out nystagmus, has been observed in irritating diseases of one of 
the peduncles. 

Diseases of the cerebellum may, on account of the inti- 
mate association with and proximity of the complex tracts of 
fibres lying in the crura cerebri, the pons, and the medulla ob- 
longata, give rise to symptoms which cannot be attributed to the 
cerebellum. In cases where only actual cerebellar substance is 
diseased, we find vertigo, headache, vomiting, uncertainty of gait 
(ataxy), and vague feelings of weakness in the extremities, both 
of the same and the opposite side. Real paralysis and sensory 
disturbances are wanting. Occasionally, vision is seriously 
affected; still, it is difiicult to say how far this may depend on 
a participation of the visual centres near by. Mental disturb- 
ances often appear in disease of the cerebellum. Inasmuch as 
many diseases of the cerebellum present no symptoms, and none 
of the symptoms above enumerated are caused exclusively by 
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cerebellar lesions, a diagnosis is very difficult, and, as a rule, 
uncertain. It is usually of great importance to take into con- 
sideration the symptoms arising from neighboring organs 
(pamlysis of the oculo-motor, for instance). 

It seems to be a fact that the diseases which attack the 
vermis are the ones which give rise to ataxy and vertigo. 

Most of those symptoms which are regarded as charac- 
teristic of cerebellar disease only appear when the anterior or 
median peduncles, or the floor of the fossa rhomboidalis, or the 
quadrigeminal region are involved, either directly or indirectly. 



LECTURE IX. 

THE ROOTS OF THE PERIPHERAL NERVES, THE SPINAL GANGLIA, 

AND THE SPINAL CORD 

Gentlemen: The peripheral nerves are made up, as you 
know, of both motor and sensory fibres. In the vidnity of the 
spinal cord these fibres are separated. The branch containing 
the motor fibres passes directly into the spinal cord as an 
anterior root. The sensory fibres pass into the spinal ganglion. 

Situated in the spinal ganglia are a number of large mono- 
polar cells (occasionally bipolar). In the case of a monopolar 
cell the process generally divides shortly after leaving it, so that 
here also we have, two processes. 

Your attention was called to these two processes of the 
cells of the spinal ganglia in the second lecture. You will 
recollect that, according to the observations of His, the sensory 
nerves are evolved from cells in the form of a process extending 
toward the periphery, and that these cells also send out another 
' fibre toward the spinal cord which forms the posterior root. 

Since the careful examination made on adults shows that 
about as many fibres pass through the posterior root to the 
spinal cord as have entered the ganglion from the nerves, it 
would seem as though a single cell were intercalated in the 
course of each fibre. 

It is, however, a matter of great importance to determine 
whether all sensory nerves originate in the cells of the spinal 
ganglia. This question has been fully settled by the experi- 
ments of Waller and others, and by the most recent experiments 
of Joseph. 

Every nerve-fibre which is divided from its mother-cell de- 
generates. If a sensory nerve is divided just in front of the 
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spinal ganglion all its fibres degenerate. The ganglion itself 
and the root originating in it remain noiTnal. This shows that 
the cut l^s severed all the fibres from their cells. If we cut the 
posterior root just back of the ganglion, only a few fibres of the 
sensoiy nerve become degenerated and the majority remain 
intact. Tlie nerve must, therefore, consist of fibres which | 
originate in the spinal ganglion-cells, for the connection be- 
tween these is unbroken. Tiie fibres which were destroyed 
must have come from the spinal cord itself, for they are only 
severed from the latter and not at aU 





from the ganglion. An examination of the root after this latter 
experiment will account for this. The root is divided from the 
ganglion, and we find that only a few fibres have remained 
sound: the majority have been destroyed. The fibres which 
remain uninjured must have their source in the spinal cord, for 
they are connected to it alone ; the fibres which perish must 
come from the spinal ganglion, for their connection with it alone I 
was severed. 

Experiments show that cell-processes pass out of the gan- ' 
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»Iglion in two directions, 
land that fibres which 
■originate in the spinal 
■cord only pass through 
We may, therefore, 
liconsider the relations of 
i sensory roots to the 
ganglia to be as 
presented in the dia- 
Igram, Fig. 88. 

Between tlic spinal 
fanglion and the cord 
he sensoiy and motor 
coots divide into a num- 
ter of root-fibres, which 
some considerable 
distance enter the spinal 
»rd, the sensory fibres 
the dorsal aspect, 
Slid tlie motor fibres on 
ventral suriace, in 
I groove situated some- 
Rrhat laterally. The 
dumber of these root- 
n-es is not alike for 
1 roots, and differs in 
äifFerent individuals. 
Recent investiga- 
8 show that each 
»ot does not corre- 
tond to one definite 
jripheral nerve. It has 
proved that in 
peripheral ner^'e 
is contained a 
Surge number of nerve- 
jftbres from different 
»ots, and it is very 
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probable that two muscles which nve commonly associated in 
co-oi'dinate movements are innervated by the same root, even 
though they may be supplied by different nerves. 

The interchange of fibres wliich makes this possible fakes 
place partly in the plexus (cervical, lumbar, etc.) and partly in 
the larger nerve-triiuks, which are themselves to be regarded as 
a sort of plexus. 

Only few cnaea of tliaeriHe of tho spinal ganglia nre known. BesMea ac 
pain, an inteTcoaml lierpes zos^er extending along tlie course of the affected J 
nerves liaa been taken as a Hjmptom of this trouble. It is questionable, however, 
whether this should be referred to the ganglionic apparatus, for wc have herpes I 
zoster without disease of the ganglia, and, furtheruiore, herpes zoster has been 1 
found to follow inSammation of the peripheral nei'ves. 

The roots, therefore, enter the spinal cord along its whole ' 
length. The latter becomes somewhat thickened at those points 
where the largest roots enter it from the extremities. The cer- 
vical enlargement receives the nerves of the arms, and tiie lumbar 
enlargement those of the leg. The intercostal nerves arise from J 
the narrowest part of the spinal cord. The lowest, club-shaped, I 
portion is called the conns terminalis : from it there arise not only 
the nerves but a long, thin prolongation, — the fihim terminale. 

Tlie upper bomidary of the cord is formed by the commence- 
ment of the decussation of the pyramidal tract (of which, later). J 

It is often an important diagnostic |)oiut at the bedside to I 
determine the level at which those nerves arise which supply I 
certain paralyzed muscles or anieathetic regions of tho skin. 

The effort has been made to settle this question by experi- 
ments on animals, for the simple anatomical method would I 
never suffice. The attempt has repeatedly been made to sum- 
marize those local injuries to the cord iu human beings (com- 
pressions, hsemovrhages, etc.) which give rise to definite disturb- 
ances and utilize the results to settle this question. 

I give you herewith the results atfaiined by Starr in this 
manner, who made a comparative study of all the cases he could 
obtain, in 1888. In all probability, further researches will lead 
to minor coiTections. 
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LOCALIZATION OF FUNCTION IN THE DIFFERENT SEGMENTS OP THE 

SPINAL CORP. 
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LOCALIZATION OF FUNCTION (continued). 
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The course of the fibres in the spinal coid, gentlemen, is 
only imperfectly known. In order to obtain a clear under- 
stiiiuling of it, yon must make yourselves perfectly familiar with 
the appearances presented by a transverse section of tlie organ. 

In such a cross-section yon will i-ecognize t]ie white sub- 
stance externally and the gmy matter in the ibrm of a letter H 
in the middle. The two lateral halves of the spinal cord are 
divided by the anterior and posterior longitudinal (median) 
fissures, and connected witli each other by the anterior or white 
commissure and the posterior or gray one. We call the anterior 
extension of gray matter the anterior lioms (cornua) and the 
posterior extension the posterior horns or comua. 

The proportions of gray and white substance are not the 
same at all levels. Tlie gray substance predominates markedly, 
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from the upper lumbar region down. Fig. 91 shows cross- 
sections made at different levels in the spinal cord. 

Aside from the proportionate differences iu the gi-ay and 
white substances, you will notice that the most lateral portion of 
the anterior honis in the lower cervical and upper dorsal regions 
become more and more developed {D, and Dg) until they form 
an independent process, which is called the lateral horn or inter- 
medio-lateral tmct. In the lower dorsal region the lateml horus 
again disappear. They are shown at o in Fig. 90. 

. K ' ■ ■ 
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Throughout the whole cervical and the upper part of the 
dorsal regions, in the angle between the intermedio-lateral tract 
and the posterior horn, the gray matter is not sharply defined, 
but projects out into the white substance in the form of a 
net-work of gi'ay bands and fasciculi. This net-work is called the 
processus reticularis. 

At the terminal cone the gray matter is covered only by a 
thin layer of white substance (Co, Fig. 91). 
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The root-fibres of the motor nerves pass by the spina] 
gauglia directly into tlie spinal cord, traverse the wliite substance, 
and enter the anterior liorn. It is very probable that the axis- 
cylinders of all tlicsc fibres lire connected with the large ganglion- 




cells as shown in Fig. 92. These cells, which constitute the 
first station of the motor ihncrvatioii-tmct, are so distributed 
over the section of ttie spinal cord that we can make out (to the 

left at m in Fig. J)0) more or less distinctly a median and a 
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lateral group in front, aud, behind the latter, a central gronp. 
lu the cervical cord thcrc is also a group in the lateral Iioni. 

On making a longitudinal section we see that these cells 
are somewhat more plentilul opposite the entrance of each root ; 
that is to say, they are arranged in segments. AVe call such an 
aggregation of cells, together with tlie root arising; from it, a 
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segment of the spinal cord, lu human beings the segmentation 
of the cord is almost oblitemted, but it is more pronounced in 
the lower animals. 

Nothing ia certainly known as to the course of those pro- 
cesses of the ganglion-cells which do not terminate in axis- 
cylinders: a few appear to extend directly to other ganglion- 
cells ; the majority, however, are lost in a fine net-work of most 
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delicate fibrils, wliich permeates all ttie gray matter, and of 
wliieh it is still doubtful whetlier or not it is nervous tissue. 

The sensoiy roots, alter passing through the spinal ganglia, 




ray' posttirlur i 



k 



run in part direct to the posterior horn and in part to the 
posterior white columns. The cell-complex of the spinal gan- 
glion is the real source from which these fibres arise. You 
recollect that embryology sliows that the cells of this ganglion 
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grow peripherally toward the nerves and centrally in the 
direction of the spinul cord. 

The centripetal processes foiin what we call the posterior 
root. It ia, however, joined by fibres which do not originate in 
the cells of the spinal ganglia. These are apparently the fibres 
which we see passing to a peculiar group of cells which resemble 
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those of the spinal ganglia. This gi'onp, columna vesicularis, 

or column of Clarke (Fig. 90), lies about at the junction of the 
I anterior and posterior horns. Besides these cells it contains a 

small bundle of extremely fine nerve-fibres, which run in the 

long axis of the spinal cord. 

The vesiciUar column can only be distinctly traced from 
j about the end of the cervical to the beginning of the lumbar 
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enlargement; it probably, however, extends high up into the 
medulla oblongata. 

At t!ie tip of the posterior horn there is found a glassy, 
semi-transparent body, — the substantia gclatinosa Rolandi. As 
has been shown by Coming, this is the remains of a tissue which 
was present throughout the spinal cord during tiie embryonal 
period. Its cells strongly resemble ganglion-cells, but their 
nature is BtUl unknown. Many fibres of the posterior root pass 
through it (Fig. 93). 

At sei'eral points in the gray matter tliere can be seen but 
few nerve-fibres, and scarcely any ganglion-cells. At these 
points the neuroglia is the only constituent, and they therefore 
present a pale-grayish, translucent 
appearance to the naked eye. A 
veiy plen,tifLil deposit of neuroglia 
is situated around the central canal, 
and is called the substantia gelati- 
nosa centrahs. The whole periph- 
ery of the spinal cord is also cov- 
ered with a thin mantle of almost 
pure neuroglia, — the gelatinous cor- 
tical layer. 

The white substance suiTound- 
ing the gray matter consists prin- 
cipally of fibres running lengthwise of the spinal cord, of the 
obliquely-ascending roots of the nerves, and of fibres which 
run more or less perpendicular to the long axis of tlie cord, 
from the gray matter into the white substance. The nerve-fibres 
have au axis-cylinder and a raednllary sheath. The ividth of 
the latter varies greatly. The sheath of Schwann is wanting. 
Between tjie fibres lies the neuroglia, which at many points is 
continuous with a fibrous connective tissue. In this connective^ 
tissue, which is continuous externally with the neuroglia and 
with the pia mater, are situated blood-vessels which have a some- 
what radial arrangement. The neuroglia consists here, as in the 
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gray matter, of numerous cells with long, slender processes. The 
body of the cell is usually so small that the processes have the 
appearancR of springing from the nucleus. Occasionnlly, how- 
ever, it is larger. These cells are called the spider-cells, or cells 
of Deiters. (See Fig. 95, at left). 

The spinal cord is, äs a glance at a transveiw section will 
show, divided into several 
columns by the entering nerve- 
roots and the longitudinal fis- 
sures. Internal to the spinal 
nerve-roots are situated tl w 
anterior or posterior columns, 
as tlie case may be, and exter- 
nal to them tlie lateral columns. 

The study of embryology 
and the investigation of cer- 
tain diseases of the spinal coid 
show tliat the anterior, lateral, 
and posterior columns are not 
uniform masses of fibres of 
equal importance, as miglit 
appear from a section through 
the adult organ, but that they 
are composed of several dif- 
ferent divisions. 

You remember the pyra- 
midal tract, whose course we 
traced from the cortex of the ™i'^'"^- 

motor zone through the capsule and the crusta to the vcntml 
part of the pons, 

het us ascertain in what part of the spinal cord this tract 
is situated. It is not difficult to discover this. If a destructive 
disease involves any part of this extensive tract the nen'c-fibres 
disappear, and are replaced by connective tissue. This process, 
which is called secondary degeneration, continues downward 
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into the spinal cord, Ileie it occupies two regions, — first, the 
--~^ innennost portion of the anterior column on 

fyVP[ the side of the brain-lesion, and, secondly, a 

^^l^ large area in the lateml column of the oppo- 

site side. High up, at the commencement 
of the oblongata, ive see that the crossed de- 
generation passes back to the side of the un- 
crossed degeneration ; that is, the degenerated 
tract decussates with the normal pyramidal 
tract. The tract which, in this instance, is 
involved in the descending degeneration is 
called, as in the brain, the pyramidal tract. 
In the spinal cord it is divided into the 
anterior (columnar) pyramidal tract (most 
median part of anterior column) and the 
lateral (columnar) pyramidal tract (in the 
posterior portion of the lateral column). 
There are grounds for believing that these 
pyramidal tracts contain most of those fibres 
from the brain to the spinal cord which (;on- 
vey the impulses for conscious movement. 
Tliey degenerate only downward ; their nerve- 
fibres always disap\>ear if the cross-section of 
the tract is destroyed at any point of its course 
in the brain or spinal cord. In human beings 
all the tracts in the spinal cord have their 
medullary sheaths at the time of birth. The 
pyramidal tract is the only exception to this 
rule. On a section taken from the spinal 
cord of a newborn child, therefore, the pyra- 
midal tracts appear gray in the midst of the 
8«ooiiiUry .'iMeending white lateml columus. 
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The cross-section of the pyramidal tract 
diminishes gradually toward the lumbar 
In the lower dorsal region the pyramidal tract of the 
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anterior column can no longer be seen, because its fibres are lost 
in tlie regions from which the motor nerves issne. In Fig. 1Ü0 
the points 7 and T give a general idea of the pyramidal tract at 
different levels of the spinal cord. 

The exaijiination of spinal cords affected by secondaiy 
degeneration throws still more light upon their structure. If 
we mfike sections of spinal cord whose continuity lias been in- 
teiTti])ted in the doi-sal portion by pressure or any otlier violence, 
we shall find, as mii^lit bo ox["'ftr<l from what has already been 
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said, that the pyramidal tracts on each side have become degen- 
erated downward. But there is also a degeneration upward from 
■the level of the injury. At first this degenemtion occupies the 
whole area of the posterior column, but at a point a lew seg- 
ments higher up it is limited to that part of the column which 
lies along the posterior median fissure. In such specimens we 
can easily divide the posterior column into an inner and an 
outer one. The parts affected by this ascending degeneration 
(which extends into the oblongata) are fibres of the posterior 
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roots, which haie been divided from their ganglion-cells in the | 
spinal ganglia. If we divide these posterior roots experiment- 
ally just outside the spinal column (Singer) wc shall produce an 
exactly similar degeneration. Just above the divided point both 
the outer and the inner posterior columns are degenerated; 
farther up new and healthy root-fibres enter and arrange them- 
selves to the ontside of the injured ones, so that the area of 
degeneration is gradually pushed farther and fartlier toward the 
median line as wo pass higlier up in the cord. 
The study of the development of the 
medullary slieaths confirms the conclusion 
reached by the investigation of secondary 
degeneration. It teaches that there are here, 
at least, two sets of fibres, — an outer one, 
ordinarily called the fundamental bundle of 
the posterior column, also ciiUed wedge-sliaped 
column, or colnmn of Burdach, and an iuni 
one, which is called the slender columi 
(funiculus gracilis), or Goll's tract. In the! 
normal adult cord the two divisions of th&j 
posterior column* are separated from eai 
other by a septum of connective-tissne ouh 
in the cervical region. In sections mad< 
lower down we can only distinguish thei 
when one or the other is degenerated, and 
ilf'tuo'uppördo'i'^'^^'r^ thorefove is differently stained. Groll's tract 

irLon, (After StriiinpelL.) . ' < /• i , , n 

mcreases in size trom below upward as tar asi 
the upper dorsal region, probably because portions of the pos» 
terior nerve-roots are continually entering it on their way to 
mpdulla oblongata. It is not improbable tliat still furtlier sub-, 
divisions of the posterior columns will be made in the future. 
The manner of extension of certain diseaces, and occasional rare;] 
forms of secondary degeneration, lead us to anticipate this. 

• FiiniciiliiB cimestufl and tunicnlus graoilis tn Fig. 69 B, also I'Blletl piiatero-extei 
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The region nefir tlie gray commissure, which is marked A in 
Fig. 98, on the left, must contain a distinct system of fibi-cs, 
^ because, for example, it never becomes involved in cases of 
ktabes, even though the other parts of the posterior columns 
l:d^;enerate. We mny call this the ventral field of the posterior 
(column. 

The posterior columns consist of the entering fibres of the 
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K^sterior roots. These roots are an'anged in such a way tliat 
' when they first enter the cord they lie on the outer side near the 
posterior horn, and those entering afterward (i.e., above them) 
crowd their predecessoi-s inward. Tlius it happens that in the 
cervical region the fibres from the lower extremities are found 
principally in the column of GoU, while the column of Burdach 
€M)ntains very many fibres from the upper extremities. You 
rmust not imagine, gentlemen, that these divisions of the posterior 
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columns convey iipivard all tlie fibrps oi' uny posterior root. 
Many of the fibres pass into the gray matter directly after the 
root has entered tlie spinal cord, and others pass first into the 
posterior horn and tlien into the gray matter. Therefore, rela- 
tively few of those fibres which entered the posterior columns 
below are to be found in the upper part of the cord. Ex^jeri- 
mentally we liave ascertained that the area of degeneration due 
to section of a posterior root becomes continually smaller as it 
is traced upward. At the same time it moves inward. 

At ttie upper part of the spinal cord the funiculus cuneatixi 
receives fibres which do not come directly from the posterioi 
roots. Their origin is uncertain. 

But, as you liave been told before, all the sensory fibres den 
not terminate in the cells of the spinal ganglia; a part pase 
through the ganglia apparently to end in tlie cells of the columd 
of Clarke, their first terminal station. These fibres rem 
normal when the root is cut across, for the reason that they 8 
not divided from their own cells in that experiment. They d 
degenerate, however, if the continuity of the spinal cord itse 
is broken. In fact, in the latter case (Fig. 99), we see i 
another tract of fibres degenerate. It is that shown 
peripheral portion of the lateral columns at 6, in Fig. lO 
Tiiis tract can be traced as far as the worm of the cerebellum 
It is owiug to embryological researches (Flechsig) that we aa 
able to recognize and distinguish this direct lateral cerebell« 
ti-act from other tracts in the latei'al column. In the first weeH 
of life, before the pyramidal tract has become naedullated, tfl 
cerebellar tract lies like a delicate white border along one-haj 
of the periphery of the lateral column. 

Just in front of the cerebellar tract lies a, tract which projeclB like a wat 
from the periphery of the lateral column toward the centre. It is not Inälfä 
in the diagrams, but is npparenti; independent, for it may degenernte (apwaj 
by itself. It is called the fasciculus antero-laleralis. 

By the study of secondaiy degeneration and embryolog 

thevetbre, we have discovered the following systems of Wbi 
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fibres. Tp these subdivisions we have given the general name 
of columnar systems. In the anterior columns the anterior 
direct pyramidal tract ; in the lateral columns the lateral crossed 
pyramidal tract, and the direct cerebellar tract ; in the posterior 
columns the ground-bundles and the funiculi graciles. 

If you wiU look at Fig. 100 you will observe, aside from 
the above-named, two areas in the section which have been left 
white. They are marked 1 and 3, and are situated in the 
anterior and lateral columns. They are probably a region which 
is only traversed by the anterior roots, and have received the 
name of remnant of the antero-lateral column. The part lying 
in the anterior column is also called the anterior ground-bundle 
(1, in figure). The part lying in the lateral column has received 
the name of anterior mixed zone of the lateral column (3, in 
the figure). The fibres of the remnant of the antero-lateral 
column arise in part in the anterior roots and in part in the 
gray matter. They come principally from the centripetal pro- 
cesses of the sensory tract. The field marked 4 in Fig. 100 
(lateral limiting layer of the gray matter) contains the direct 
continuations of the nerve-roots which, after passing transversely 
through the posterior horn (see Fig. 98), ascend in this layer. 

Let us, now that we have learned the general arrangement 
of the structures of the spinal cord, see what becomes of the 
entering root-fibres, the examination of which we abandoned 
for a time. Let us see how far their course within the centml 
organ has been investigated. We are no longer considering the 
form and arrangement of the diflferent parts of the centml 
nervous system ; that which now demands our attention is the 
intimate connection between its constituent elements, the relation 
of fibre to fibre and of fibre to cell. 

The fasciculi of the anterior roots pass in a gentle ascent 
through the midst of the antero-lateral columns. Each fasciculus 
is spread out over a large extent of the white substance. For 
this reason any injury to the column must involve a certain 
number of the anterior root-fibres, and it is therefore impossible 
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to anive at any conclusion concerning the function of the antero- 
lateral column lu'oiier by section experiments on animals. The 
anterior roots, which contain motor fibres, and also exert a 
trophic influence on botli ranscle and nerve, are an important 
constitnont of the columns now under consideration. 

The accompanying drawing and Fig. 102 will give you an 
idea of the centi-al course of the anterior roots. 

On reaching the gray substance the component fibres of 
each bundle sepamte. There are many and conflicting state- 
ments as to the ultimate destiny of these fibreg. 
The following explanation, wiiich is based 
largely on my own investigations, is an aU 
tempt to harmonize the most iinpoilant of 
these statements. 

First, we may consider it as settled that 
the fibres of the anterior roots pass to the 
ganglion-cells of the anterior horn, or, rather^ 
become continuous with their axis-cyUnder 
process (sec Fig. 92). A few of these fibres 
* to tlie cells of the opposite anterior horn 
by way of the anterior commissure. 

The nuclei of the anterior roots are con* 
nected by nerve-fibres with the pyramidal 
tracts. We see large numbers of these fibres 
at the bottom of the anterior median fissure 
passing across the middle line of tlie anterior direct pyramidal 
tract. The fibres, from the anterior horn to the lateral crossed 
pyramidal tract, are less easQy demonstrated on account of the 
obliquity of their course and the extreme difficulty of making a 
section exactly in their plane. In Fig. 102 these central portions 
of the motor tract are indicated by fine lines, the peripheral (gan- 
glion-cells of the roots) with coarse ones. The natiue of union 
between the ganglion-cells and the pyramidal fibres is unknown. 
Fibres pass from the anterior horn to the lateral and median 
portions of the ground-bundle of the antero-lateral column. 
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The anterior coraniissure is composed of the central fibres 
from tlie root-uuclei to tlie opposite anterior pyramidal tract, tlie 
I fibres i'l'orii the roots to the corresponding cells uf the opposite 
side, and of fibres from the posterior honi. 

All tljeso fibres are smrouuded and enclosed by an extra- 
ordiniu'ily cloS; tangle of fibres, the unraveling of wliich has 
never been accomplished. Tliis mass of fibres, without doubt, 
contains other nerve-tracts of wliicli we know notliing. That 
portion of this net-work, wliich is medullary at bhtii, is correctly 
depicted in Fig. 98. 

The investigation of tlie relations of the posterior roots 

I presents peculiar difficulties. We never see a fibre connect 

unmistakably with a cell-process: there is always a net- 

\ work between the two. We must bear in mind, too, that the 

I greater part of these roots is made up of central fibres; that is, 

I of fibres which have already passed their first terminal station 

I (the spinal ganglion). We have made out the course of some 

' of those centml fibres by the study of secondary dogoneration. 

We have seen tliat they pass directly into the column of Bur- 

dach along with the root-fibres, and thai they show a tendency 

to pass more and more to the median line, so that in levels 

I above their point of entiance they lie nearer the middle line in 

I the column of GoU. But we liave also seen that, while they 

were working toward tlie median line, they were continually 

giving off fibres to the gray matter. 

If I am to succeed in giiing you a clear explanation of the 
complicated relations existing at the entrance of the posterior 
roots, I must particularly request you to study the following 
[ text with continuous reference to Fig. 102, 

On a transverse section of the spinal cord we see that the 
[ posterior root divides into at least four parts. The mosl median 
[ bundle (1, in Fig. 103), wliicli consists of coarse fibres, passes 
I almost entirely and directly into tlie white posterior columns at 
I the same level with tlieir point of entrance. Tliese are th'; 
before-mentioned central tracts ; along with these, fibres of equal 
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size (2, Fig;. 102) pass into tlie spinal cord, which do not nin 
dhoctly toward the median line, but pass in a curve through the 
white substance laterally toward the columns oi' Clarke, where 
they are lost sight of. A feiv fihres run direc-tly through the 
posterior hom ventrad of the substantia, ^elatiuosa, and then 




iBhcitpini! the oantral c 






continue tlieir course into tlie limiting layer of tiie lateral 
column. They are shown with peculiar distinctness in Fig, 98. 
The two last-described portions of tlie posterior roots lie on 
the median side of the apex of tlie posterior horn. Laterally 
from these lie the bundles which are distributed to the latter; 
we can distinguish both coarse and fine fibres. Neither of them 
terminate at the level of their entrance into the cord. The larger 
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fibres (3, in Fig. 102) pass directly through the substantia gela- 
tinosa Rolandi, which hes at the tip of the posterior horn, and 
at once turn upward and downward, and only pass farther into 
the gray substance at other levels. The fine fibres (4, in Fig. 
102) become separated from the coarse immediately after the 
entmnce of the root, and pass as a separate bundle upward and 
downward between the tip of the substantia gelatinosa and the 
periphery. The cross-section of this fasciculus was called zona 
terminalis by Lissauer, to whom we are mainly indebted for our 
knowledge on this point. Fibrils are continually given off' from 
the zona terminalis to a net-work lying between it and the sub- 
stantia gelatinosa. This net-work is called the zona spongiosa, 
and from it fine fasciculi arise, which pass into the substantia 
gelatinosa and are lost in the maze of fibres which make up the 
main mass of the posterior honi. From this intricate maze of 
fibres are developed new fasciculi, which pass across to the 
opposite side through the anterior and posterior commissures, 
and, emerging from the gray matter, are continued upward to the 
brain in the ground-bundles of the anterior and lateral columns. 

We have, therefore, distinguished two paths in which 
the fibres of the posterior roots are continued upward, — a 
direct one, in the posterior columns, and an indirect path by 
which, after passing through the posterior horn, in some un- 
known manner, the fibres cross to the opposite side. We 
shall see later that the direct fibres,* after passing through a 
nucleus in the medulla oblongata, also decussate. 

It would not have been possible for me to recognize this 
arrangement of the fibres of the posterior root were it not for 
the fact that, in the lower vertebrates, the order of the fibres in 
the spinal cord is a very simple one : I might almost call it 
diagrammatic. Once it was shown, in the case of these animals, 
that the majority of the posterior roots pass through a net-work 
and afterward decussate before continuing on their course to 
the brain, it was easy to recognize the same conditions in human 
beings and other mammals. 
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Knowleilge obiainc^d by esperiment and at llie licdRÜle cotifiiina tliese laie 
discoveries. If one-liulf of a Hjiinul cord is divided tbt; sensntion of Ibe akiu if 
lost billow tlie poiut of dlviEJon, aud tliiiC uot on Ihn saiue but on tbe opposite 
Bids. Wa bad previously been at a loss to hunuoDJxii tluB fact witli our knowl- 
edge tlkat posteiior rout-flbres were continuetl directly (witbout decussation) ia 
the poBlerior colamna. Tbe plienoiuenuD, Iiowever, waa at once expluined whea 
we discovered tbat a coiisidt^rablc portion of each root puBBed, in some way not 
clearly understood, Lo the opposlle side sUurtly after eiiteiiug the cord. 



You will at once be stmck by the remarkable analogy ex- 
iting between the centml fibres of the anterior and posterior , 
roots. lu the former we have (in relation to the root) a direct 
tract (the Literal pyramidal tiact) and a crossed tract (the i 
auterior pyramidal tract). 

The principal distinction between the motor and sensory I 
tracts consists in the different mechanisms which are interposed 
between the cells from wliich they originate aud the point of , 
their decussation. 

Wliile there is good cause to believe that this meclianism is 
very simple in the auterior iiorn, apparently residing in the cell J 
itself, we see, in the case of the \)osterior roots, a whole net-work, 
itself filled with small cells, thrust in between tiie colls of the | 
spinal ganglia and the decussation. 

We shall have occasion again to refer to this important 
matter when we study the oblongata. 

We must now consider that portion of the posterior root 1 
which does uot arise from the cells of the spinal ganglion but i 
connected with the columns ol' Clarke. Pathological observa- 
tions go to show that t]iis portion has probably nothing to dol 
with conveying sensory impressions from the skin. The central 1 
connecting fibres from the columns of Clarke do not pass 
upward in the general sensory tmct. They send off" fibres which 1 
puss out lateiully from the gmy matter, aud reach the direct J 
lateral cerebellar tracts in the periphery of the white substance, 1 
and in these tracts they pass to the cerebellum. These fibres I 
are apparently of importance in the co-ordination of movements. | 
We not only sec disturbances in co-ordinatiou of gait audi 
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posture in cerebellar disease, but in tabes dorsalis, where the 
highest degrees of ataxy are sometimes present, the fibres of the 
posterior and of the vesicular columns are degenerated: tlie 
continuity of the tracts to the cerebellum is broken. 

The anatomy of the spinal cord, so far as it could be ascertained microscopi- 
cally, was described by Burdach, Sömmering, and F. Arnold. Bellingeri first 
discovered the connection existing between the anterior roots and the gray matter 
of the anterior horns, while Grainger rendered the same service with respect to 
the posterior roots and the posterior horns. The finer structure of the spinal cord, 
however, was first discovered by B. Stilling, and after him additional light was 
thrown on the matter by Kölliker, GoU, Deiters, Gerlach, Clarke, and others. 
We owe our knowledge of the course of fibres in the white substance principally 
to the works of Turk, Flechsig, Charcot, and Gowers. 

The picture which I have given you to-day of the most im- 
portant tracts of fibres in the spinal cord might be made much 
more complete, might be improved by many highly interesting 
details. We have touched, however, upon many points where 
our knowledge is uncertain, so that a faithful adherence to the 
object of these lectures will compel us to stop at this place, 
where the lack of known details and the conflicting opinions of 
authors prevent us from laying before the student clear and 
definite views. 

In the preface to his great work on the structure of the 
spinal cord. Stilling says, " We must not, to borrow the lan- 
guage of the distinguished Burdach, forget that in investigating 
the spinal cord we are traveling through a wonderland of which 
we have no accurate knowledge. We can only turn our atten- 
tion to the rivers and mountains in order to get a general idea 
of the whole, and must leave it to those who follow to trnce up 
and map out the minor features of the landscape." Thirty years 
have passed away since this preface was sent forth into the world 
with a book richer in material than any ever before presented to 
anatomical science. We are still far from the goal, and it will 
be long before that perfect* map can be drawn of which both 
Stilling and Burdach dreamed. 



LECTURE X. 

THE SPINAL CORD AND THE COMMENCEMENT OF THE MEDULLA 

OBLONGATA. 

Gentlemen: In the spinal cord, fibres of widely diflFerent 
physiological significance lie crowded closely together. Those 
cells which we regard as central organs lie side by side with 
peripheral structures. You will, therefore, easily understand 
how extremely difficult it is to detect the consequences and 
symptoms which follow a disease or injury of any one of these 
components of the spinal cord. 

Nevertheless, careful observation, both at the bedside and 
at the post-mortem table, has taught us much in this connec- 
tion. A certain number of diseases aflect only certain regions 
of the spinal cord, always confining themselves to particular 
columns or groups of cells, and leave all other parts of the cord 
intact, or at least invade them very slowly. The investigation 
of such diseases is naturally of great importance, as affecting 
the subject which we have now in hand. Then, too, injuries, 
sections, and compressions of the cord, such as may arise from 
spinal caries or tumors, often enable us to draw valuable con- 
clusions. 

Much less important results have been obtained by physio- 
logical experiments on animals than by pathology. The neces- 
sary operations are comparable to pathological processes of a 
rather gross character, and in animals we know very little of 
the natui-e and source of the severed fibres, for the reason that 
their cord lias not been so thoroughly investigated as in the case 
of human beings. 

It is, of course, beyond the pale of these lectures to give 
even a short summary of the valuable discoveries which we owe 
to pathological research. A number of excellent works will 
afford you an easy introduction into this part of our subject 

(173) 
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I will mention only a few points which arc either particu- 
larly important or have been established beyond a doubt: — 

Diseases of the pymniiiUl tnict in tlie lateral, und njiparently in the nnteriür 
ohinina as well, cimso paresis or painlyais. In addition to this, the wenkened or 
paralyzed niusclea are in a condition of increased tension, have a tendency to con- 
tracture, and are abnormally reBponsive to mechanical irritanta. Wherever you 
Bee these symptoms, either nlon« or mixed with others, you may with all safety 
a8Bnme that the pyramidal tract is involved in the disease. 
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coluninB give 
involved. Inj 
break up fhe continuity of the sensory 
toss, not only of every kind of sensatioi 
In motion by the sensory tract. The reflexes which have no direct con- 
i with cimsuiouB eensation, ae the tendon reBexes, also disappear. Degen- 
3 of the posterior columns, which do not injui-e the entering posterior 
ir only slightly affoct them, may not irivo rise to any serious dialurhance of 
but the mtiscle-scuäu inv^iriably appears to suffer. The main 
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part of the fibres of the posterior roots which run in these cohimns stand in some 
sort of relation to this sense. The motor power is not diminished by disease of 
the posterior columns. 

If the gray matter of the anterior horns is injured by a pathological process, 
there appears paralysis of the related muscles, just as in case of injury to the 
peripheral nerves. These paralyses are followed with unusual rapidity by atrophy 
of the affected muscles. This affection resembles the peripheral paralyses, also, 
in the fact that the paralyzed muscles react to the electric current as tliough 
their nerve-supply had been cut off. We think, from these fhcts, that we are 
justified in assuming that trophic centres for the muscles and nerves are situated 
in the anterior horn. The section experiment proves this. No matter where the 
anterior root is severed, be it far from or near to the spinal. cord, its nerve always 
degenerates toward the periphery ; while the posterior root, divided in like 
manner from the cord, remains in a great measure normal as long as its union 
with the spinal ganglion remains undisturbed. 

If the fibres of the anterior roots are divided in the lateral columns between 
their cells in the anterior horn and the brain, there generally results only paralysis 
and no atrophy. From the accompanying diagram (Fig. 103), which shows the 
connection between the central and peripheml portions of a motor tract, you will 
easily understand the reason of this phenomenon. 

A disease situated in the line xac, or, rather, in the fibres represented by*the 
line, leads to paralysis. If it interrupts the conductivity of the fibres above the 
ganglion-cells (at a or «), it has the character of a central paralysis without 
atrophy, and often results in an improvement, or even a cure, probably because 
other tracts act vicariously for it. If, however, the tract a;a c is interrupted in the 
ganglion-cell, or at any part of c, then not only paralysis occurs, but the paralyzed 
fibres disappear, and the muscles supplied by them become atrophied. In this 
case there is little prospect of a cure. Occasionally, after long-protracted disease 
of the part x a, the part c is finally involved. This, however, is rare. A break 
in the tract at a leads to a descending degeneration from the point of injury to the 
corresponding anterior horn. The trophic centres for this part of the motor tract 
must, therefore, be sought for centrally from the point of interruption, probably 
in the cortex. As an example of paralysis and atrophy following disease of the 
anterior horn, I will cite infantile spinal paralysis. In this disease there occurs a 
sudden complete paralysis of distinct groups of muscles, soon followed by atrophy 
of the muscles themselves. An examination of the spinal cord reveals disease-foci 
affecting the gray matter of the anterior horns. The nerves, too, and even the 
anterior roots, gradually become atrophic. The spinal cord and the roots present 
somewhat the appearance shown in Fig. 105 A and B. 

We are not yet in possession of a sufficient number of accurate and pains- 
taking observations to enable us to say what symptoms will result from a disease 
of the gray matter of the posterior horns A comparison, however, of the cases 
of tabes dorsalis in which it was affected, and of those in which it was not, 
make it probable that a disease affecting this region would give rise to sensory, 
and especially to trophic, disturbances of the skin. In the vicinity of the basal 
portion of both anterior and posterior horns there must be situated tracts or 
centres, which stand in some relation to the trophic innervation of the skin and 
its blood- vessels. We must also look in this region for the mechanism which 
underlies the temperature-sense. 
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The nlmve-nienlioned functions are the very ones llint Buffer most in a 
dilnlion of the eenlral canal — syringomyelia — or in tumors whicii are frequently 
Biluated in tlie midst of the gray matter. 

After this short excursion into the domain of pathology let 
us return to tlie considemtiou of the structure of the spinal 
cord. At its up- 
per end the white 
fibres which com- 
pose it are aiTanged 
in a most intricate 
manner. Tlie ex- 
tent and form of 
the gray matter is 
markedly changed, 
new collections of 
glia- and gaiiglion- 
cclls appear, and the 
familiar appearance 
of a section through 
the spinal cord is 
greatly changed. 
Tlie resemblance is 
particularly hai'd to 
trtice just above 
the upper terminus 
of the spinal cord, 
where the inferior 
oli\aiy body, a gray, 
plicated lamina, rich 
in ganglion-cells, 
usurps the place of 
tlie lateral culnmns on each side, and the centml canal, trending 
continually backward, expands into the fossa rhomboidalis. 

The series of sections which I will now demonstrate to you 
is intended to elucidate the transition of the spinal cord into the 
medulla oblongata. 
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Fig. 106 represents a section through the cervical mednUa 
about opposite the point of emergence of the first spinal nerve. 
Its general appearance reminds us, on tlie whole, of tlie sections 
whicli we have before examined. We must notice three points 
iu piirticular, because they differ from what we Iiave hitherto 
seen. One is the pecuUar shape of the posterior honi. It con- 
sists only of a thiu " neck " united to its most dorsal portion, 
wliich at Ulis level is markedly thickened by admixture with 
the substantia gelatinosa. This thickened portion is called the 
" head of the posterior horn." The substantia gelatmosa is 




permeated by innumerable fine fibnla, which may possibly have 
their origin in it. All these pass to the region lying external to 
the substantia gelatinosa and form a fasciculus, which extends 
to the periphei7 of the spinal cord and presents a somewhat 
rrescentic appearance on cross-section. This fasciculus ascends 
far up into the pons, to the point where the trigeminus is given 
off, and emerges along with the fibres of the latter. It is called 
the ascending root of the fifth nerve. In all the sections which 
I show yon from now on we shall see tB of uerve- 

fibres and the substantia gelatinosa lying I 
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Next, you will notice that the lateral honis are strongly 
developed. Tlie accessory nerve of Willis arises from cells 
wliicli here lie at their base, but which, at higher levels, are 
situated at the lateml boundary of the anterior horns. The 
root-fibres of this nerve, whicli are given off continuously from 
the level of the sixth cervical nerve up to tlie coramenceraent 
of the oblongata, do not pass straight out, as might be s 
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from the cut, but, on the contmry, extend upward toward the ■ 
brain and then bend outward at an angle (Darkschcwitsch). 
Only the horizontal limb of this angle is shown in the section 
(106). Please notice, too, that in the space between the posterior 
and anterior honia the gray matter extends out into the lateral 
column in the form of a thick net-work of fasciculi. This net- 
work is insinuated among the biindles of the lateral column, and j 
is called the processus reticularis. 
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Just above the level of tliis section (Fig. 106) begins the 
I peculiar arrangement of fibres, etc., which go to make up the 
I medulla oblongata. 

We found two pyramidal tracts in the spinal cord, — one 
' situated in the anterior column, which conducted fibres toward 
I the brain which were added to it from each nerve-root ou the 
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L opposite side of the cord, and a second, situated in the lateral 
nCohiinn, which received fibres from the anterior liorn on tlip 
peame side. At the upper end of the spinal cord (Fig. 107, Fpy) 
the last-named tract forces its way in thick bundles through the 
anterior horn of its own side and reaches the opposite anterior 
column. Here it meets with the anterior ppamidal ti'act, and 
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united and pass upward as tho pyramidal column. The posterior I 
horns move more to the front, so as to occnpy the space in tlie I 
lateral columns which was formerly filled by the pyi'amidall 
tracts. 

The pyramidal decussation is fully completed a few milli-l 
metres above this point. Both tlie anterior direct and lateral] 
indirect pyramidal fibres are united into a thick bundle on the ' 
ventral side of the cord, which now bears the name of medulla 
oblongata. This is clearly shown in Fig. 108. You see that 
the ground-bundle {Fa') of the anterior column has assumed a , 
position dorsad of the pyramids. Extenial to the anterior horn, 
which has betin cut off from the rest of the gray matter by the! 
decussation of the pyramids^ lies a small gray mass. It is the I 
commencement of the inferior olivary body. Higher up, the! 
olivary body increases greatly in size and occupies a large share 1 
of the space once occupied by the lateral columns. These latter J 
have become somewhat less abundantly supplied with fibres since I 
the reticular process appeared on the scene. They still, liow- 
ever, send many fasciculi high up beyond the olivary body into 
the reticular processes. On account of the continual distribution 
of fibres to small gray nuclei situated in the latter, the supply of 
these fibres soon becomes exliausted and the lateral columus can ^ 
be traced no farther. 

The two accompanying figures, taken from Henle, show 
beaiitifully the general change in the arrangement of fibres and j 
the passage of the lateral columnar pyramidal tract to the oppo* J 
site anterior columns. The severed anterior horns can be traced I 
still fartlicr upward, but are lost at about the level of the pons. J 

You will see the pyramidal columns in the anterior part of i 
all following sections lying between the olivary bodies. (See thel 
figures of the next lecture.) At last they are covered in and, 
split up by the transverse fibres of the pons. We have leamei 
in previous lectures how they re-appear from under the ponsj 
and pass upward in the pedunculi to the internal capsule. WeJ 
have also seen that a break in the conductivity of the pyramid-] 
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"tracts situated in the brain was followed by a descending de- 
generation, which could be traced through the medulla oblongata 
into the opposite posturo-lateral column and the anterior column 
' the same side. 

You will not so very infrequently liave opijortunities to 
■ace out the course of tlie pyramidal columns if, in autopsies on 
old cases of hemiplegia, you will make sections through the 
pedunculi, the pons, the medulla oblongata, and the spinal cord. 
The grayish pyramid of the affected side can generally be clearly 
distinguished from the normal white one of the sound side. In 
-the spinal cord them will be also a gray, discolored SjKJt in the 
opposite lateral column. 

In that region of the spinal cord which is occupied hy the 
pyramidal decussation there also appear marked changes in the 
posterior columns. Gray, ganglionic masses appear first in the 
inner and then in the outer division of the posterior columns. 
These are the nuclei funiculi gracilis et funiculi cuneati. These 
nuclei become blended with the gi^ay matter and materially 
change its configuration. (In Fig. 107 the first-mentioned of 
these nuclei can be seen, and both are shown in Fig. 108.) 
Apparently, the fibres of the posterior columns gradually tenni- 
late in these nuclei. From the latter, however, masses of fibres 
kte given off, which pass forward through tlie gray matter and 
iflecussatc with those of the opposite side (above the pyramidal 
decussation). The fibres pass later to the fillet, and the upper 
pyramidal decussation has also been called the decussation of the 
■KUet. 

^H It is not easy to demonstrate beyond a doubt the existence 
^Bf the decussation of the lemniscus in the adult organ. All 
^^poubt ceases, however, if we examine sections through the me- 
^^pnlla oblongata of embryos in the seventh month. In tliis case 
the decussating medullaiy pyramidal fibres ave not present to 
blur the clearness of the image, and the fibres of the posterior 
^^ columns, which alone are medullary, stand out prominently and 
^^cannot be mistaken. At first, only the fibres from tlie nuclei of 
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Burdacli's column can be made out, but later, in the ninth fcetala 
month, the decussation of the fibres from the nuclei of Goil'gl 
tract can also be seen. 

Let us compare the accompanying cut with T"igs. 107 and 
108. Behind the central canal lies the gray matter, which, at 
this level, has become very much exjmnded latemlly. In the 
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funiculi gracilis et cuneati their respective nuclei have appeared,' 
and both are continuous with the gray matter. External to these 
lies the substantia gelatinosa of the posterior horns, surrounded 
by a thin stratum of medullary fibres (ascending root of fifth 
nerve). The space in front of them, which, in Fig, 108, is oc- 
cupied by the dark pyramidal fibres, appears clear because those 
fibres have not yet become medullary. The remnant of 



3f the ^ 



SPINAL CORD AND COMUEXCEMEXT OF MEDULLA OBLONGATA. 1S3 

antero-lateral column iiud the direct latcmi cerebellar tract at 
the periphery of the lateral columu have become medullated. 
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We now see fibres arising from the nuclei of the posterior 
. columns, which pass in a curve through the gray matter (fibrje 
ai'ciformes interna;), decussate in front of the central canal, and 



lie iii a thick stratum dorsad of the jiyramids, which have, at 
this level, complotcd their decussation. The region in which 
they lie is tlic one ivhicli was occupied by tiie aiitero-lateral 
columns in tlie spinal cord. The miiin mass of crossed sensoi-y 
tracts which ascended in the latter is crowded backward and 
outward by these new-comers. Thus, the now united crossed 
sensory tract fills up nil tlie spiico between the olivary bodies 
(olivie inferiores). The latter are f^ray masses, which firet appear 
in the medulla oblongata at this level. The higher we pass in 
the medulla oblongata, tlie fciver fibres are there foimd in the 
posterior columns. Gmdually, all of them pass, by way of the 
arciform fibres, to the decussation of the lemniscus, and extend to 
the opposite side near the middle lino, ivhore they foi-m the inter- 
olivary layer, or, as wo will call it from now on, the layer of the 
fillet. Tlie fibi-es of this layer pass to the fillet of tlie mid-brain. 

It has been frequently claimed that the fibres of the pos- 
terior columns do not follow this course, but rather pass into the 
olivary bodies, and from tliere through the posterior i>pduucles 
of tlie cerebellum iuto that body. My investigationa have 
shown, however, that they all, or nearly all, follow the course I 
h;ii*c described. At the erabryological peWod of which I was 
speaking, both the olivary bodies and their whole vicinify are 
destitute of medullary fibres. We can tlierefore prove, in the 
most convincing manner, tliat the fibres of the posterior columns 
have no connection whatever with them, but only ^jass through 
thera. Fig. 110 represents a section threugh the same fcetal 
oblongata shown in Fig. 109. Tliis section is made somewhat 
higher up than the latter, and shows clearly tlie point of which 
I speak. You see that the fibres pass through tlie olivary 
bodies (which at this level ha^■e tlie np^Karance of plicated 
medullary laminte) to the decussation in the middle line (j-iyj/n?, 
continuation of the decussation of the fillet). 

Fig. Ill is a diagram of the course of the sensory fibres. 
Let us, with the aid of this diagram, trace out the coui-se of the 
separate tracts, and ascertain what location in the medulla 
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assigned to each. Please notice in tliis, as in the last figure, hoiv 
the tracts which decussated in the spinal cord and those wliich 
ascended directly are united to form a single body. We have 
now met with two important 
decussations, — that of the pyra- 
mids^imd that of the lemniscus. 
The former is composed of motor 
fibres, while the latter contains 
, the sensory tracts. 

There are formed, therefore, 
two new large triicts of fibres, 
which lie in the ventral portion 
of tlie oblongata, viz., the jiyni- 
midal columns, and, dorsad of 
these, the layer of tlic fillet, nr 
inter-olivary layer. Wc slmll 
find them both occupying the 
same relative position as far up 
as the coi-pora quadrigemina. 
The transverse area of tlio 
r of the fillet is, "in adults, 
much richer in fibres than is 
shown in the illustrations, which 
have been prepared from sec- 
tions taken from the fcetns. In 
the latter none of the scnsoiy 
fibres from the antero-lateral 
columns are medullary, and only 
those bundles which come from 
the nuclei of the posterior 
columns can be seen, ■ 

LThe whole configuration of the section is changed by these 
two decussations. In addition to this the gray matter, as I will 
presently show you, varies its outline. New masses of gray 
matter appear in the oblongata. We hav-e already met three 
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of these on each side, — the two nuclei of the posterior coIunina^H 


and the olivary body. The greatest difference m in the outer ^M 


conformation of the section. The fibres uf the posterior columns ^M 
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are pushed gi-adually forward by tlie interposed nuclei, so thal^f 
at last the latter are wholly uncovered and lie almost free on^| 


the dorsal surface of tlie medulla. The posterior columns^B 
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diverge somewhat in the region of the oblongata, so that the 
central gray matter lies exposed on the posterior surface of the 
spinal cord. Only a thin membmne of gray matter divides the 
central canal from the free surface. This canal expands along 
with the diverging posterior columns, and from now on is called 
the fourth ventricle. The thin membrane which covers it is 
called the velum medulläre posticum, and is continuous anteriorly 
with the cerebellum. In the sagittal section, Fig. 56, you can 
see how the hind-brain roof is formed by the velum medulläre 
posticum, the cerebellum, and the velum medulläre anticum. 
Just at the commencement of the fourth ventricle is an opening 
through the velum medulläre posticum, which leads from the 
outside into the ventricular cavity. It is the previously-described 
foramen of Magendi. Through this the fluid in the ventricles 
communicates with that which lies outside between the pia and 
the medulla, and, in the cavity of the arachnoid, bathes the 
whole central nervous svstem. 

In Fig. 112 this whole roof is removed, so that we are 
looking directly into the fourth ventricle. Its floor is bounded 
behind by the diverging posterior columns and in front by the 
anterior cerebellar peduncles, which converge toward tlie corpora 
quadrigemina. This condition of things has given it the peculiar 
shape from which it has received its name, — fossa rhomboidalis. 

The posterior view of the oblongata (Fig. 112) shows that 
the posterior columns disappear above, and that the posterior 
cerebellar peduncles, the corpora restiformia (see below) take 
their place. The enlargement in the upper portion of the inner 
posterior column is called the clava, and is caused by the nucleus 
funiculi gracilis. 

A front (ventral) view of the medulla oblongata (Fig. 113) 
shows first the thick pyramidal columns ascending from the 
^spinal cord. External to them, imbedded in the prolongations 
of the lateral columns, are two good-sized enlargements, — the 
olivary bodies. Not far above them the thick masses of fibres 
which constitute the pons pass across in front of the pyramids. 
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In the prolongation of the line of exit of the anterior roots, 
between the olivary bodies and the pyramids, the hypoglossal 
nerve {XH) emergea from tlip medulla oblongata. The spinal 
accessory nerve of Willis (X/) arises by numerous radicles, 
which are given off along the side of the cervical cord, and 
high up in the oblongata, external to the olivary bodies. Above 
and in line with it emerge tlie vagus (A') and the glosso- 
{IX). Latemlly, close behind the fibres of the 
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pons, are given off the acoustic ( VIIT) and the facial nerves 
( Vlf). The sixth cranial nerve, the abducens, lies internal to the 
point of origin of the two last racntioned. The trigeminus ( T') 
arises from the depths of the pons. The origins of the trochlear 
(/V) and the oculo-motor (///)have already been given. The, 
first emerges from the velum medulläre posticura behind the 
corpora quadrigemina, and the second from the ventral sui-face 
of the pedunculi cerebri 
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We left off studying the section of the oblongata at tlie 
point where tlie central canal expands into the rhomboidal fossa. 
The first nuclei of the cranial nerves had begun to appear 
below this point. The fibres of the acoustic arise from cells in 
the lateral portion of tlie anterior horn. From a point some- 
what ventrad of the latter, perliaps representing the position of 
the former anterior horn, arise the fascicuU of the hypoglossal 
nerve. 

Tliis is diagram matically shown in the accompanying figure. 




If, looking at this diagram, you will remember that the central 
canal broadens out along with the divergence of the posterior 
columns and becomes the fourth ventricle, you will easily under- 
stand that aU nerve-nuclei developed in the floor of the ventricle 
above this point must lie on the floor of the rhomboidal fossa. 
The following cut (Fig. 115) shows this clearly. External to 
the nerve-nuclei lie the posterior columns (now nearly devoid 
of fibres), with their respective nuclei. The posterior horn, 
recognizable by the substantia gelatinosa of its head, is entirely 
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severed from the compact portion of the gray matter. The 
basal portion of the lateral horns, from wliich arise the fibres of 
the motor accessory, are also separated from it a short distance 
above the level of this section. The latter continues ventrad of 
the former, as an independent column of gray matter, rich in 
ganglion-cells, high upward into tlie pons; and when tlie fibres 
to the accessory are no longer given ofi' it sends fibres to the 
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vagus (and hypoglossal 1 ), which at first pass dorsad and then 
bend back to the respective nerves (motor vagus, etc., nucleus). 
Still higher, we meet it as the nucleus of the facial nerve. You 
will notice that, with the exception of the liypoglossal and the 
nerves to the ocular muscles, all the motor fibres of the cranial 
nerves originate in this upward prolongation of the basis of the 
laterr ' f the spinal cord. 
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Please notice in Fig. 115 the position of the remnant of the 
anterior horn and the great increase in volume of the olivary 
bodies. AMien the lateral horn is divided from the rest of the 
gray matter there appears, at the point where, lower down, the 
posterior horn was attached (a region, therefore, which, in the 
spinal cord, was occupied by the nuclei of sensory nerves), a large 
new nucleus with spindle-shaped cells much like those of tlie 
posterior horns. This is the sensorj' nucleus of the vagus. It 
lies on the floor of the rhomboidal fossa, internal to the ala 
cinerea (Fig, 112), and extends forward to about the middle one 
of tlie transverse white lines which you see crossing the fossa. 
From this anterior end arises the glosso-pharyngeal nerve. The 
nucleus of the glosso-pharyngeal is not sharply divided from 
that of the vagus. We now see that there are two nuclei for 
the vagus, — a ventral one, which, from its situation (prolongation 
of a portion of the anterior honi) and from its cells (multipolar 
with axis-cylmders), we judge to be motor, and a dorsal one, 
which, from its situation in the prolongation of the gray matter 
at the base of the posterior honi and from its structure, we take 
to be sensory. The first mentioned of these is also called the 
nucleus ambiguus. The fibres arising from it all pass dorsad, 
and unite and turn at angle to join the straight sensory root, 
which is much larger. (See Fig. 115.) Besides these two nuclei 
the vagus receives fibres from at least two other regions. There 
is a small fasciculus which can be tmced from the cervical 
medulla up to the point in the oblongata, where the last roots 
of the glosso-pharyngeal arise. On its median side is a column 
of gelatinous substance containing a few cells. The fibres from 
thet^e all pass to the fasciculus just mentioned. At the level of 
the vagus-roots it begins to send off fibres to them, and this it 
does to all the roots of the vagus and the glosso-pharyngeal. 
This fasciculus is called the common ascending vago-pharyngeal 
root.* 

Lit can be seen in Figs. 110 and 118, dorsad of the vagus- 
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roots. In addition to tliis tlie vagus and glosso-pharyngeal 
apparently receive a descending root. It arises in the cere- 
bellum, where we met it under the name of direct sensory 
cerebellar tract. These particular fibres, passing from it to tlie 
vagus, are hard to demonstmte in the human belüg. Apparently 




the sensory fibres arise from the ganglion juglare and extend 
from it toward the cerebrum (His) just Uke the sensory spinal 
nerves. The before-mentioned sensory nucleus, therefore, is 
their second terminal point. Many curving fibres enter its 
'ide. By embryological methods we have succeeded in 
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showing that these fibres come from the opposite layer of the 
fillet. Thus the diagram of a sensory spinal ner\e will also 
represent the course of the seneovy vagus (and tlie glosso-phar- 
yngeal ns well) — nerve, first nucleus in spinal ganglion ; root, 
second nucleus (sensory vagus-nucleus), crossed ascending 
crntml tmct. 

Tiie nucleus of the hy[)oglossal consists of several collec- 
tions of ganglion-cells, which are iniited hy a fine net-work. 
From the large multipolar cells are given off fine processes, 
which converge to form a number of nerve-rootlets. 

From the nucleus, just as from the anterior horn, are devel- 
oped afi'erent fibres, which pass over across the median line. 
They do not continue their course far on the opposite side, but, 
after decussating, run toward the brain in the raph^ and become 
united with other fibres (from the facial nucleus) in the pons. 
The whole fasciculus then passes into the pyramid of the erusta. 
Although this course differs somewliat from that of the central 
motor tracts in the spinal cord, still it is essentially the same — 
root, nucleus, crossed tract to the ])yramids. 

The net-work connecting tlie different divisions of the hj-jio- 
glossal nucleus is of peculiar interest ; we meet witli nothing 
like it in any of the other nerve-nuclei. We should also notice 
that there is no other nerve whose fibres must act so harmoni- 
ously and so nearly at the same instant, as the fibres of the 
hypoglossal in the act of swallowing. Inasmuch as I have been 
compelled to place before you to-day figures ivhich are largely 
diagrammatic, it will be well for you, at the close of this lecture, 
to study carefully the accompanying representation of the hypo- 
glossal nucleus. It was drawn by Koch, in all its wealth of 
cells and fibres. He it was who first described the net-work. 
Ventrad of this nucleus lies another collection of cells (Roller's 
hypoglossal nucleus), from which, however, I do not think that 
hypoglossal fibres arise ; at least, not in man. 

The pymmirtal decussation was discovered as early as 1710, by Francofa 
Petit. Tbe olivary bodies were first described by YieuasetiB. The macroscopic 
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changes in configuration from the spinal cord to the medulla oblongata, particu- 
larly those relating to the surface, were first described by Santorini, Reil, Burdach, 
and Rolando. The nuclei arciformes and the anterior arcifonu fibres which cover 
them were first accurately described by Arnold, who named them " the anterior 
pons.** The striae acusticae were discovered by Picolhomini. Even in the pre- 
microscopic period there was an active dispute as to their relation to the acoustic 
nerve. Real light was first thrown on the structure of the medulla oblongata by 
Stilling, Kölliker, Meynert, Schroeder von der Kolk, and Deiters. In later 
years investigations directed more particularly to the nerve-nuclei have been 
instituted by Gudden, Roller, Freud, Laura, Duval, Koch, Darkschewitsch, and 
others. 



LECTURE XI. 

THE MEDULLA OBLONGATA AND THE TEGMENTUM OF THE PONS. 

Gentlemen : In the last lecture we learned how the con- 
formation of the oblongata was brought about by the peculiar 
altemtion in the relative position of vast tracts of fibres, by the 
appeamnces of new nuclei, and by the disappearance of the 
posterior columns. We have, howcA^er, failed to tmce a number 
of tmcts upward from the spinal cord, and to these we will now 
turn our attention. The posterior columns have found their 
indirect prolongation in the layer of the fillet, and to this layer 
also have passed those motor fibres which ascended in the antero- 
lateral columns. The pyramidal tracts of the anterior and 
lateral columns, now united, lie on the ventral surface as the 
thick pyramids of the oblongata. The direct lateral cerebellar 
tract maintains its position on the outer peripliery far up into 
the level of the olivary bodies. At that point its fibres, still 
gently ascending, begin to pass dorsad to the cerebellum. Here 
they form the nucleus of a large bundle which appears at this 
level, — the posterior cerebellar peduncle, or corpus restiforme. 

The restiform body arises externally to the upper extremity 
of the posterior columns, and at this pouit is made up principally 
of the direct lateral cerebellar tract. To this are added the 
posterior external arciform fibres, which, as you see from Figs. 
117 and 110 (abovo and to the left), pass to them from the pos- 
terior columns along the outer and posterior periphery of the 
medulla oblongata. Fibres are also added to^ them from in 
front. These are the anterior external arciform fibres, which 
originate apparently in the ' layer of the fillet between the 
olivary bodies, and are really, therefore, continuations of the 
crossed posterior columns. These fibres approach the surface 
near the middle line in front, extend around past the pyramids, 
and run outward and backward to the restiform bodies. They 

(195) 
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liave also been called the pyramidal arciform fibres (Fig. 113, J 
front view). They inclose a small nucleus, — the nucleus arci- [ 
formis (Fig. 118). Thus there pass to the lestiform body from I 
tlie spinal cord, 1, the direct cerebellar tract; 2, fibres of the! 
posterior column on the same side; 3, fibres probably from the I 
opposite posterior column.* 




In the embiyonal period depicted in Fig. 110, only the 
fibres from the spinal cord are medullary. Thus we can clearlyfl 
distinguish the extent and location of this portion of the pos<l 
tenor cerebellar peduncle. The different arciform fibres are: 
also shown in Fig. 118. 

The restifonn bodies, however, contain, besides the fibre! 
from the spinal cord, a second and much larger system, which« 
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must be distinct from the former, because it becomes medullary 
at a much later period. These are the fibres from the opposite 
olivary bodies. Inasmuch as they come from the cerebellum 
and can be traced no farther downward than the olivary bodies, 
let us give them the name of cerebello-olivary fibres of the resti- 
form body. It is only after the addition of these fibres that the 
posterior cerebellar peduncle becomes a larger structure than 
that shown in Fig. 110, when it consisted only of the fibres 
from the spinal cord. 

The olivary body, a medullary 
structure whose wavy outline you 
have seen on many of the previous 
figures, consists of a mass of neu- 
roglia, in which are imbedded in- 
numerable small ganglion-cells. 
What the relation is between these 
cells and the nerve-fibres which run 
to the olivary bodies is, it is impos- 
sible to state. 

Large masses of fibres emerge 
from the restiform body, and sur- 
round the olivary process externally 




Wl-t^ih 



Bintfir-Strünge, Post, oolnmiu. 
Kleinh. S. B., Lateral cerebellar tract. 



Fia. 118. 
Origin of the spinal-cord portion of 

in front and behind. They pass SfJa^ln^^n'^the^^^^ 
through its medullary lamina, and in 
the interior are gathered into a thick 
bundle of nerve-fibres, which emerges from the hilus of the 
olivary body, crosses the raphS, and can be tmced into the olivary 
body of the opposite side. If one-half of the cerebellum is 
destroyed, the opposite olivary body degenerates. Dorsad of the 
olivary body, in the vicinity of the substantia reticularis, a num- 
ber of fasciculi pass upward in the tegmentum, in company with 
fibres which are given off from the net-work surrounding the 
ganglion (Bechterew's central tegmental tract, Stilling's remnant 
of the lateral column). 

The cerebello-olivary tract of the restiform body has its 
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principal source in the outer side of the fleece. This, again, l\ 
connected with the anterior cerebellar peduncle by the nucleus 
dentatus cerebeUi, which it surrounds. Thus, we can easily 
imagine that the olivary body, the opposite restifortn body, the 
■ fleece, the anteriot cerebellar peduncle and the red nucleus, 
again of the opposite side, form a separate system of fibres. 
Many observations, particularly those gained by experiments on 
animals, go to show that this system is of gi'eat importance in 
maintaining equilibrium. 

Many investigators, adopting Meynert's views, are of the 
opinion that the cerebello-olivary tract is the continuation of the 
flbres of the posterior columns, which pass, so they claim, into 
the olivary body, and then emerge from it to reach the cerebel- 
lum by way of the restiform body. We have, howei'er, pre- 
viously seen that the posterior columns, while they do indeed 
reach the vicinity of the olivary bodies, through the arcuate 
fibres, and even in many instances pass directly through them, 
yet have nothing in common with the oUvaiy fibres pro^x-'r, but 
terminate in tlie layer of the fillet. 

At those levels of the oblongata where the nucleus of the 
vagus is situated, most of the fibres from the spinal cord have 
already entered the restiform body. At this level, too, the 
latter bas also received a part of the olivary tract. It lies In the 
form of a tbick bundle outside the last remnants of the posterior 
. columns. 

We have now reached the level at which we get a typical 
section of the medulla oblongata. Let us, now that we have 
met with the majority of tlie structures thei'e present, take a 
general view of the section as a whole. (See Fig. 120.) Many 
points that are new can easily be added. ■ 

In the ventral portion lie the pyramids. The large, trJ 
angular field of dense, transversely-divided fibres just back of 
them is the inter-olivary layer, — the crossed prolongation of the 
posterior-root fibres. The nuclei of the posterior columns lie 
externally near the dorsal surface, still covered by a few nerve- 
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fibres. Niimerous internal arciform fibres take their origin here, 
and, passing through the motor area of the tegmentum (as the 
space between the posterior horn and the int«r-olivary layer is 
called), enter the raphe and cross to the opposite side. 

The fibres of the cerebello-olivary tract follow an exactly 
I similar course for a certain distance. In the figure they are 
I represented by dotted lines, but in reality the two kinds of in- 
I temal arciform fibres cannot be distinguished in the adult. 




th«Beece of tl — 
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In the median line, of course, aU tliesc fibres decussate 
with tliose coming from the opposite side. This line, with its 
numerous decussations, is called the rapid. 

The inter-olivaiy layer, or layer of the fillet, contains at 
' this level, besides the tmcts which ascended in the antero-iateral 
column, the greater part of those originating in the nuclei of 
the posterior columns. 

Notice, also, the fibres passing from the layer of the fillet 
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analogue of tlie decussating fibres from the autero-lateral columns J 
to the posterior horn, — the central vagus-tract. 

Dorsad of the lemniscus we aguin meet with the posterioq 
longitudinal fasciculus, wliicli was described in the seventh le( 
ture. Its fibres are met with deep in the anterior column, s 
low down as the first cervical nerve. 




The lower olivary bodies lie on both sides, external to th« 
pyramids. Tliey are traversed by the arciform fibres. Those 
arciforra fibres wliich come from the cerebellum terminate her^ 
while those originating in the nuclei of the posterior columni 
are merely in transit. 

Internal to and dorsad of the olivary bodies lie the interna] 
and posterior accessory olivary bodies. These are nuclei whose 



THE MEDULLA OBLONGATA AND TEGMENTUM OF THE PONS. 201 

structure resembles that of the olivary bodies, and which, like 
them, are traversed by the arciform fibres. As is shown in the 
figure, the internal accessory olivary body is traversed principally 
by the fibres passing from one olivary body to another, while 
the posterior body of that name gives passage mainly to the 
fibres of the posterior columns. The internal accessory olivary 
nucleus is also called the nucleus pyramidalis. 

. Dorsad of the olivary body, in the vicinity of the posterior 
accessory olivary nucleus, is a medullary tract, which we shall 
see from now on occupying a position in the midst of the teg-, 
mentum, and which can be traced to a certainty above the 
origin of the trigeminus. Taken together, these fibres — the 
central tegmental tract — probably connect the olivary body with 
the mid-brain. 

The nerve-nuclei are situated along the dorsal periphery of 
the section. 

Next to the median line is the nucleus of the hypoglossal 
nerve, whose fibres, after passing through the vicinity of the 
olivary body, run ventrad. (See Fig. 116.) It receives numerous 
fibres from the rapJiS. External to this comes the common 
sensory nucleus of the accessory, the vagus, and the glosso- 
pharj^ngeal nerve. As a rule, the fibres of the accessory do not 
issue from the nucleus at this level. The majority of them arise 
lower down from the accessory nucleus proper, which is situated 
in the upward prolongation of the lateral horns. A remnant of 
this nucleus, the anterior or motor nucleus of the vagus and 
glosso-pharyngeal, lies just in front of the posterior horn. Its 
fibres, before emerging, bend at an angle to join those from the 
sensory nucleus. x 

The thin bundle of transversely-divided fibres lying exter- 
nal to the last-named nucleus is the common ascending root of 
the vagus and glosso-pharyngeal. External to the common 
nucleus of these nerves lie the nuclei of the posterior columns, 
covered over by a few fibres. Ventrad of them you can see the 
substantia gelatinosa of the head of the posterior horn of the 
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spinal cord. Externally this is covered by a bundle of fibi 
wbich is separated into numerous fasciculi, aud which has 
companied it from the upper cervical cord. Tiiis bundle 
become somewhat larger near its upper extremity, and can 
traced high up into the pons. There it associates itself wit 
tliG cmcrgiug fibres of the trigeminus, and perhaps, too, enl 
into some rcrlatiou with tlieir nucleus. This bundle, the asceni 
ing root of the trigeminus, has been described before (Fig. 109] 

The regiou between the ohvaiy bodies and tlie uuclei oj 
the posterior columns, bounded externally by the direct latei 
cerebellar tract and the ascending root of the fiflli nerve ai 
internally by tike lemniscus, contains, besides the numerous inti 
nal arciform fibres, a great number of short fibres whose coui 
can be traced but a short distance. Scattered throufi;hout thei 
are numerous multipolar ganglion-cells. We call this ftinctioi 
ally unknown formation the formatio reticularis, and the spac< 
occupied by it the motor area of the tegmentum. Masses of 
cells are found in this situation in all vertebrates. They can be 
traced as scattered groups of cells up to the Hue of the 7'tf^A 
As long as we possess no information conceming t)iem, we shi 
do well to adopt the name given them by Bechterew, — nuch 
reticularis tegmenti. 

The fibres of the antero-lateral columns, whic]i do m 
enter the layer of the fillet, can be traced into the formal 
reticularis. It is possible, however, that they pass higher up. 

On making further sections through tlie oblongata tl 
picture changes but little for about two millimetres. We 
the sensory nucleus of the vagus aud glosso-phai-yngeal proji 
ing far upward, and contin\ially sending off root-fibres towi 
the i^eriphery from its own ventral surface. The ascending n 
also gives off" an occasional rootlet to join tlie latter 
greatest change is in the restiform body, which increases greatly 
in size, for at this level it has begun to receive the fibres [lassiug 
from the cerebellum to the olivary body. 

The sections made just before reaching the pons show (Fig. 
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121) that the nuclei ol' the posterior columns have almost dis- 
apptart'd, the hypoglossal niftleus lying extended o\'er a wide 

toi'ea, and the huge fibmus mass of the restiform body occupying 
it great amount of space, 
' lutenial to the ktter appears the section of a new bundle 
of fibres, — the direct sensory cerebellar tract. It is difficult to 
say juBt where it commenced ; possibly as low down as the 




H^osterior columns. It may be that this area of transversely 
divided fibres also contains an ascending root to the acoustic 
nerve. Fibres run from the restiform body to the inferior 
olivary body, which latter at this level is very rauch diminished 
in size. Both the fillet and the centml tegmental tract appear 
just as they did in tlie last section examined. Two uew nuclei 
have appeared, — one, situated in the locality from which, in 
sections farther down, the fibres of the motor vagus arose (Fig. 
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132), sends all its fibrils dorsad and toward the middle line, i 
which they are gathered into a*small bundle. This is thefl 
nucleus of the facial nerve. The second of the new nuclei lies 
external to the restiform body. lu this section we only i 
fibres passing to it from the dorsal nncleus of the acoustic, 
which, at this lovd, Is just l)c^iiiniiig to ;ti'|' i T',: iii n 




the next sections you will see tlmt we are dealing with a lai^ 
structm-e, the ventral — formerly tlie anterior — nucleus of thJ 
acoustic nerve. You will observe even here how it is wedgom 
in between the cerebellum and tlie restifomi body. The enhii^ 
ment \entrad of tliis nucleus on the outer surface of the oblongata 
ia called tlie tuberculum acusticum. 
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In our upward progress we have now reached the point 
where the lowest fibres of thß pons, runnmg across the pymmids 
from the cerebellum, appear at the ventral periphery of the 
section. 

Here we strike a region where several important structures 
are compressed into a relatively small space, the region of the 
origin of the acoustic, the facial, and the abducens nerves. 

In tlie section represented in Fig-. 122^ you see that from 
the ventral nucleus of the acoustic there arisen a root composed 
of fine fibres. .This is the radix posterior acustici. You will 
also notice that another tract runs upward from this same nucleus 
and in part enters a rounded nucleus, the superior olivary body, 
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Diagram of the central course of the 
facial and abducens nerves. 



and in part extends over the median line. These latter fibres 
pass transversely through the layer of the fillet, whicli is placed 
in the dorsal portion of the pons. In the lower animals, where 
the pons is much shorter than in human beings, this tract can 
be seen as a quadrangular medullary area passing across the 
pyramids in the ventral portion of the oblongata. This area 
and the fibres it contains have received the name of corpus 
trapezoides. 

The fibres in the corpus trapezoides connect the ventral 
acoustic nucleus with the superior olivary body of the same and 
of the opposite side. This is made clear in the following cut 
(Fig. 125). 
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Internal to the restiforra body, wliicU at this level begins 
to incÜTie toward the cei-ebelluni, lies the dorsal acoustic nucleus, 
which, just here, has reached its greatest expansion. Tlie fibres 
of the direct sensory cerebellar tract pass through it, and a few 
of them pass into the acoustic nerve. From its ^'entl'aI border 
emerges the anterior acoustic root, whicli is composed of coarse 
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fibres. This nucleus is also connected with the upper olivary 
body. It is possible, however, that these latter fibres do not 
originate in the nucleus itself, but merely pass through it on 
their way from the cerebellum. In cats a connection between 
the superior olivary body and the cerebellum is easily shown. 
lu adult human beings we see numerous thick fibres arising 
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from the raphi ; these pass upward and decussate i-ery near the 
floor of the rhomboidal fossa. They are here gathered mto 
bundles, wliich run across this floor. These, the strias acusticie, 
which pursue a course analogous to that of the central sensory 
tract, pass from above downward into the dorsal nucleus; then, 
skirting along the border of the restiform body, are continued on 
to the ventral nucleus of the acoustic nerve (Fiys. 121 and 
122). 

Monakow states that these striae atrophied after he had 
divided the opposite lemniscus high up near the corpora quad- 
rigemina. This, and their situation in the lower animals, lead 
to the conclusion that they are the central sensoiy ti-act oi" the 
acoustic. 

At this level no new nucleus has appeared, only that of the 
facial nerve has increased in size. Fibres from the ascending 
root of the trigeminus are given off" to the root of the last-named 
nerve. This is important, for we know that from just this por- 
tion of the trigeminus come the sensoi-y fibres of the lace. 

Somewhat farther forward (Fig. 125) the fibres of tlie liicial 
have been gathered together into a nerve-trunk. This, howeier, 
does not pass at once to the surface, but runs cepJialad for a 
short distance, and then turns in the direction of the basis. In 
this way it makes two tnrns, — one in the horizontal and one in 
the descending part of its course. Just in the bond between 
these two turns is situated the nucleus of the abducens (Fig. 12-4). 

The root-fibres of the abducens, gathered into several 
bundles, run a straight course through the tegmentum and pons, 
and eraei^e laterally on the ventral surface of the latter. The 
nucleus is connected internally with the posterior longitudinal 
fasciculus. It has been stated, but I think without sufficient 
foundation, that these fibres enter the opposite ocnlo-motor 
nucleus higher up. On the other hand, there is certainly a 
remarkable connection between the nucleus of the abducens and 
the superior olivary body. This tract, which you see running 
parallel to the root of the facial ner^'c in Fig. 125, must connect 
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the acoustic nerve with the nerves governing the movements of 
the eye. It may be of importance in connection with our judg- 
ment of space measurements. 

External to the dorsal acoustic nucleus, imbedded in the 
direct sensory cerebellar tract, lies a nucleus whose significance 
is wholly unknown. It was fonnorly called the external acoustic 
nucleus. It atrophies if the cervical cord is divided on the 
same side (Monakow). No connection between it and the nerves 
of hearing has boon clearly shown. It is, therefore, better for 
the present to call it Deiters' nucleus, in honor of that great 
investigator of the medulla oblongata. 

The metliod of origin of the acoustic nerve, which was 
long in doubt, has been the subject of study by a number of 
investigators. The residts obtained by some do not agree with 
the statements which liave been made here, and wliich are based 
on personal research. 

The author and Freund, whose investigations were con- 
ducted upon human embryos, have arrived at pi-actically the 
same conclusions. Bechterew and Flechsig contend that the 
anterior root does not arise from the dorsal nucleus, but rather 
from some cells situated in the vicinity of Deiters' nucleus. The 
origin of the posterior roots from the ventral nucleus is conceded 
by all. Tearing oiit the acoustic nerve results in atrophy of 
this nucleus (Forol, Onufrowics, Baginski), 

Let ua, before wc go farther, again look up the structures 
of the tegmentum which have not been specially mentioned in 
the text, and ascertain their situation and form at these levels. 
One, the nucleus reticularis tegmenti, which, togetlier with the 
fibres of the substantia reticiilaris, is spread out over the area 
between the raphi and the root of the facial nerve, has, for the 
sake of clearness, been omitted from the illustrations. We 
could liave seen it in all the sections through the levels which 
we liaie been studying. 

The ibllowing figure (Fig. 136) represents the section lying 
just aliead of the preceding one, and is only given to show how 
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the facial nerve cui-ves backward, and the entrance of the direct 
sensory cerebellar tract into the cerebellum. In sections made 
at this level the anterior cerebellar peduncles begin to appear. 

After the facial, the acoustic, and the abducens have left the 
tegmentum, its conformation naturally becomes much simpler. 

We are approaching the source of the trigeminus. First, 
ill the prolongation of the nucleus of the facial, but somewhat 
more dorsad, appears the motor nucleus of the trigeminus. From 
it aiises the motor root, the portio minor, which also takes a 




slightly-curved course. This root supplies the muscles of masti- 
cation. Probably this root also contains fibres from the opposite 
motor nucleus which have crossed in the rapM. 

Other fibres leave the pons, together with the trigeminus, 
which do not arise in the motor nucleus, but high up in the 
quadrigeminal region, where a few cells at the side of the aque- 
duct give off this descending root of the fifth nerve. (See 
Fig. 72, above and to the left.) 

These cells are continued caudad in the lateral walls, and 
we can see a large collection of them shining through the thin 
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ependyma of the rentrirle, forming a dark group of cells on 
eitlier side, and at the anterior extremity of the fourth ventricle. 
Tliis area is called the locus cceruleus. 

Tiie main part of tlie trigeminus, the sensoiy portion, gets 
but very few fibres from the pons. They come rather from all i 
le\els aboie the cervical spinal cord up to its point of emergence \ 
from the brahi. It has often been mentioned before, and is the , 
thick, crescentic bundle of mcdidlary fibres which surrounds the , 
head of the posterior honi in almost all the illustrations sliown ' 
in the last two lectures. Near tlie motor nucleus this main 
trunk dips forward into the pons, and emerges from it as the ] 
portio major. (See Fig. 113.) 

Fibres also come from tlie dorsal region to enter the portio 
major. They are fasciculi from the direct sensory cerebellar 
tract. Tiiere are not many of them. In lower animals, how- 
ever, particularly in fishes, they constitute the greater part of j 
the nerve-root, and their point of origin in the cerebellum is so 
largely developed as really to form one of the lobes of that body. 

Lastly, there is an enlargement of the substantia gelatinosa 
at its cerebral termination, which is regarded as a sensory 
nucleus of the trigeminus. It receives masses of fibres which ] 
nin to it from the rnplii across the floor of the rhomboidal fos 
Similar fibres also pass to the locus cceruleus. They represent I 
the central tract which we have discovered as belonging to all j 
the cranial nerves. Comparative embiyology teaches us that I 
this considerable bundle of fibres comes from the opposite fillet, 
aud that after leaving it they run a short distance horizontally 
through the substantia reticularis. 

The trigeminus roots cannot be shown in a single section. 
They come from dorsal and ventral areas to their junction on 
the floor of the rhomboidal fossa, where they tum and pass 
downward to their exit. 

From the level of exit of the fifth nerve up to the level ■ 
where the trochlear nerve emerges, the tegmentum has a much j 
simpler structure than we have previously made out. 
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In the section wliich I last showed you the anterior 
peduncles had begun to separate themselves fiom the mass of 
the cerebeUum. They now leave it altogether and are found 
externally on each side of tlie tegmentum. The layer of the 
fillet is a broad structure which here in the pons separates the 
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fibres of the tegmentum from those of the crusta, just as it did 
in sections made fartlier forward through the crura cerebri. 

We can distinguish in the fillet an outer lateral portion 
and a more median one. The former is already beginning to 
trend upward to the qnadrigeminal region, and the latter will 
follow its example a little farther forward. Just at the point 
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where tlie fillet begins to turn upward there are found some 
ganglion-cells imbedded in it (lateral nucleus of tlie lemniscus, 
Obersteiner). This group can be traced upward to tlie upper 
nucleus of the fillet, which is situated on the outer border of the 
substantia nigra. Those fibres of the fillet wliich lie nearest the 
rapM form a sepai-ate bundle. This arises from the pyramidal 
portion of the crusta. It was shown in the seventh Icctiu'e how 
this bundle became sepai-ated from the pes, passmg around its 




whole internal border and extending to the median side of the 
fillet. Spitzka's studies in comparative anatomy have made it 
very probable that this little buTidle contains the cential tracts 
of the motor cranial nerves. We may easily ascertain that 
fibres are continually given off from it which ascend in the 
rapM, and can see that, at the upper end of the raphS, fibres 
pass over beyond the middle line to the nerve-nuclei. This is 
shown moat clearly witli reference to the hypoglossal nerve. 
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We are now gradually approaching that region of the pons 
where the roof of the hind-brain is no longer formed by the 
cerebellum, but by the velum medulläre auticum. The fourth 
ventricle here begins to narrow down to form the aqueduct of 
Sylvius. 

The different structures which constitute the tegmentum at 
this level are very clearly shown in the accompanying non- 
diagrammatic section through the upper part of the pons of a 
9 months' foetus. At this period only one small fasciculus of 
the pes is medullary. In the tegmentum, however, the layer of 
the fillet, the anterior cerebellar peduncles, the posterior longi- 
tudinal fasciculus, and many of the fibres of the substantia 
reticularis are fully developed. The anterior peduncles are 
continuous above with the velum medulläre anticum, upon which 
rests the anterior extremity of the lingula. Lower down, just 
above the fillet, can be seen the most posterior of the decussating 
fibres of the anterior cerebellar peduncles. The descending root 
of the trigeminus lies, a thin bundle of fibres, on each side of 
the aqueduct. You must imagine the cells of the locus cceru- 
leus placed just under the floor of the aqueduct or the rhom- 
boidal fossa. They did not show well in this specimen. The 
reticular substance here consists mostly of longitudinal fibres, 
which cannot be traced higher than the level of the anterior 
quadrigeminal bodies. Near the middle line on each side is the 
posterior longitudinal fasciculus. 

From this level up to the quadrigeminal region the appear- 
ance of the tegmentum does not materially change. The fillet 
begins to work its way externally and dorsad of the tegmentum 
to reach the region under the corpora quadrigemina. You 
remember that these ascending fibres of the fillet could be seen 
even in sections through the mid-brain. The anterior peduncles 
approach each other and at last decussate higher up. 

You have already observed the fibres of the crusta and the 
fasciculi of the pons penetrating them. It should be added that 
in the «anterior levels of the pons there is a system of fibres 
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which become medullary shortly before birth, and which passes 
out of the pons, ascends in the raphS^ and sends its fibres right 
and left into the reticular substance of the tegmentum. Accord- 
ing to Bechterew they terminate in the most anterior part of the 
reticular nucleus. 

Granglion-cells possessing a structure similar to those of the 
pons can be found scattered along on both sides of the rapM^ 
and can be traced also in that structure into the tegmentum. 



LECTURE XIL 
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Gentlemen : We reached, in our last lecture, that level of 
the tegmentum which we discussed in the eighth lecture. * A 
few millimetres cephalad of the last section, the fibres of the 
pes emerge from under the pons to pass independently to the 
brain. In the medulla oblongata the pyramids are the only 
structures which pass into the pes ; but from the ganglia of the 
pons huge bundles of fibres emerge, which run in the median 
and lateral portions of the crusta, and can be traced as far as 
the cortex of the frontal, parietal, and temporal lobes. 

Now, again, we see the substantia nigi'a dividing the pes 
from the tegmentum. 

The anterior cerebellar peduncles are lost in the red nuclei, 
and in place of the velum medullary anticum the roof is formed 
by the coi'pora quadrigemina. 

The reproduction of a few sections which have been given 
before mav recall to mind what was then said, and make clear 
the transition from the pons into the quadrigeminal region. 
(See Figs. 129, 130, and 131.) 

The symptoms which arise in diseases of the pons and ob- 
longata are, from the manner in which they are grouped, a 
pretty good proof of the correctness of our views of the 
anatomical relations of these parts. 

Tracts are here crowded into a small space, which are of the utmost impor* 
tance in movements of the muscles, in sensation, speaking, swallowing, etc. A 
disease focus need be but small to cause many different symptoms here. 

The central motor and sensory tracts, which arise from the cortex as well as 
from the inter- and mid- brains, pass through the pons and oblongata, and only 
give off those fibres which go to the nuclei of the cranial nerves. 

Inasmuch as a break in the conductivity of these long tracts will cause the 
same symptoms, whether it occur in the fore-, mid-, or hind- brains, we can only 
suspect disease of the pons or oblongata if symptoms are at the same time present 
which show that one or more of the cranial-nerve nuclei have been involved. 

(215) 
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The miiacnlar mropliy which follows affections of the nuclei themselves j 
(see Tig. dB and accompHuying text] must be studied with scrupuluug care if we ] 
are to succeed in discovering the location and extent of such a disease. Fig. 133, 
which gives you a general view of the nuclei in a longitudinal section through I 
the olilongaln, will make this task somewliat easier for you than it was possible for I 
the transverse sections ihruugh the nuclei to do. 

Disturbances of speech, respiration, or deglutition probably depend oa I 
disease of tlie oblongata, — paralysis of muscles of mastication (motor portion of 
trigeminus), facial paralysis, or affections of tlie ahducena on disease of the pons. 
Inasmuch, however, as the central fibres to the nerve-nuclei of the oblongata 
pass tlirough the pons, a disease situated there may also cause disturbances of 
deglutition. 

The motor tracts to the extremities lie anteriorly near the ventral border in 
the pyramids. Tliey only cross to the opposite side far down near Ihe beginning 
of the spinal cord. The motor fibres of the cranial nerves, on llie other hand, lie 




Three aootions through the pnns nivX üHsdrigerainal reglnn of _ ._ „.,, 

tn Bbiiw the cuiirse ot the ceretiellat iieduncles anil the Laver nt the flUct, The Is-Oer Is 
ailiuted jaat ahove the flhres of the pona. The cerebellar pedunclea, B (Fie. 12SJ, are 
actuated tuoie internally tn Fig. 130. aud are besluniug Ihe decussaUon. wh^h ia at ili 
heigue In Fig. 131. (HHunaloiylln staiu. ) 

near the middle line. They ascend in the raphe of the tegmentum, and only cross 
to the opposite side Just before reaching the nucleus to which they are tending. 
A diaease in the pons, therefore, will generally involve Ibe opposite estremities, 
bat will affect the facial abducens or trigeminus of its own side. The diagram 
(Pig. 133) is intended to impress upon youi' memory more forcibly than can be done 
by written descriptions this crossed paralysis, which is the most important symp- 
tom in many affections of the pons and medulla. It represents the motor in. 
vaiion-tracl for tbe face and extremities. You see from the cut that a lesion a' 
in tile right aide of the cerebrum or right cms, would paialyze the left facial nerve 
and Ihe left extremities. A disease at B. on tlie right, in the vicinity of the pons, 
would still paralyze the leftextremitlea but the right facial, Shouldsuch a disease 
extend beyond the middle line it might paralyze botb facial nerves and the extremi- 
ties on one side. Tou see, also, in the diagram, that a disease in the pons (at 0) 
migiit be so situated as to give rise to uQilatei'al, not alternating, hemiplegia, — thai 
is. It may cause the same symptoms as though it were situated in the cerebrum. 
Alternating paralysis can only (except In cases of multiple foci) be caused by'dis- 
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he pons, or tumor», etc., located in front of the pniis. which impioge upon 
the peripheral portion of the cranial nerves and upon the pymmidB. InuH- 
much H,H the nuclei of the ahducena and trigeminus are also located in tba pons, 
these nerves niiij cause manifold modifications in the symptom- com pi ex preseut 
in cases of alternating paralysis originating in disease of that pai't. Ucw the 
acoustic nerve vould he affected in such a case ia still uncertain. 

Through the pons, also, pass all the fibres to tlie nerve-nuclei of the ob- 
longata, wliich supply tlie muscles of speech. Thus, in diseases of the pons and 
oblongata, we see liiaturbances of articulation, in spile of undiminished power of 
utterance. We call this either dysarthria or anarthria, according to the degree in 
which it is present. 

Diseases of the pons may also lead to sensory disturbances. If it is located 
in the outer region, in the vicinity of the fillet, and is unilateral, we shall have 
hernia ncestbesia of the opposite side. 




cj luo puDs repreeented 



Still, the sense of taste (trigeminus) and that of hearing are almost always 
unimpaired, and the same may be said of the seiiEie of sight. It is usually but 
little injured (paralysis of ahducens, etc.). TLo picture presented by intra-pontine 
hemiansesthesia, therefore, differs markedly from that produced by disease in the 
cerebrum. Bilateral hemianeesthesia may be cauaed by a disease situated in tiie 
middle Hue (inter-olivary layer). The occasional appearance of partial, direct, 
and altei'nating anxsthesias of the face is explained by the situation of the 
trigeminal nucleus. 

Disturbances of mastication ana deglutition may be observed also, because 
the motor nuclei of the trigeminus, tlie glosao -pharyngeal, and the hypoglossal 
may easily be affected by the same disease. 

It is often difficult to decide Whetlicr a disease is seated in the medulla or 
the pons. From the situation of the motor nuclei of the vagus, accessory and 
glosso-pharyngeal nerves such symptoms as hoaraeness, loss of voice, and respir- 
atory disturbances are usually only observed in diseases of the oblongata. Dis 
turbaacea of articulation, dysarthria, and anarthria (nucleus of hypoglossal), and 
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dieturbRnceB of circulntion are also mure often caused by aSections of the 
oblongata. 

Almost all these BymptoniH may be caused in rare eases by disease in the 
cerobruin, innamucb aa injury to the ceulral tracts of the cranial-nerve fibres is 
tbiluwed by panijyais, Just a» Is injury to tbe nucleus or lo the peripheral nerve. 
Paralysis of certain muscles supplied by nerves originating in the oblongata can 
only be axcribcd to disease of the latter when simultaneous inuBCUlar atrophy 
appeal's, and an injury to the trunk of the nerve, outside the central organ, can 
be excluded. 

Gentlemen : Our task is nearly done. A great number of 
important systems of fibres have been studied, both with regard 
to their relations to the central gray ganglia and to their course 
from the fore-brain down to the termination of the mid-brain, 
or from the spinal cord up to the same level. Still, ;t seems 
advisable again to examine a few of them briefly, either because 
they are of particular importance in connection with physiology 
or pathology, or because the comprehension of their whole 
course was rendered more difficult on account of their being 
traced, for didactic reasons, in an opposite direction after Lecture 
VII. Let this short recital serve as your guide in a sort of 
review, which you can easily undertake witti the aid of the 
illustrations. 

1. The pyramidal tract: The most important tract of 
"ootor innervation arises from the upper two-thirds of the central 
Tronvolutions and the paracentral lobule, and runs to a point 
behind the knee of the internal capsule. From there it passes 
into the pes pedunculi, where it occupies the middle third. In 
the pons its fibres are but little divided by the transverse fibres 
of the latter. 

After emerging from the pons its fibres lie in two thick 
bundles on the ventral surtace of the oblongata. In this position 
they pass to the spinal cord. Here the great mass of the fibres 
cross to the opposite lateral columns; a smaller portion (anterior 
.pyramidal tract) remains on the same side. Both these masses 
of fibres enter into relations with the cells of the anterior boms 
of the side opposite their cortical origin in the brain. From 
these cells the motor roots arise. Compare Figs. 44, 47, 56, 62, 
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72. 73, 96, 97, 98, 99, 100, 102, 103, 104, 108, 113, 114, 115, 
120, 125, and 127.) 

2. The central tract of the motor cranial nerves is only 
accumtely known in the case of the facial and hy]ioglossal. 
The facial tract arises in the vicinity of the lower. tliird of tlie 
central convolutions. Apparently this supplies the lower branches 
only ; the cortical centre of the frontal branches is not known 
(gyrus angularis^). It then passes inward across the lenticular 
nucleus, and is finally found in the internal capsule, very close 
to the pyramidal tract. It cannot be (cliuically) distinguished 
from the latter. Its fibres then abandon the general motor in- 
nervation tract apparently in company with the '■ bundle from 
the pes to the tegmentum," which has been frequently men- 
tioned. They certainly are separated in the pons (see diagram, 
Fig. 68). It is not known how it reaches the nucleus. At all 
events it reaches the opposite facial nucleus, which lies in the 
caudal part of the pons. From this the nerve is given off. (See 
Figs. 47, 121, 122, 124, 125, 136, and 132.) 

In the most ventral portion of the anterior central convolu- 
tion is apparently situated the cortical centre of the hypoglossal 
nerve. At all events bundles pass Irom this region, ventrad of 
those going to the facial, whose destruction is followed by 
bilateral disturbances of the hypoglossal. On its way from the 
cortex to the internal capsule it passes over the upper edge of 
the lenticular nucleus, and must lie very near the speech-tract, 
just outside the commencement of the tail of the nucleus 
caudatus. In one case, which came under my observation, a 
diseased spot not larger than a 5-cent piece broke down both 
tracts at this point. In the internal capsule the hypoglossal 
tract probably lies between that of the facial and that of the 
extremities. Inside the pons its fibres must become separated 
from the pyramids. They apparently withdraw from the latter 
on the median side of the fillet, and pass upward and backward 
in the rapM. It is only on reaching the oblongata that they 
pass to the nucleus of the opposite (and the one on the same ?) 
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side. From these nuclei arise the nerve. (Compare Figs. 47, 
108, 110, 114, 115, 116, and 132.) 

3. The motor speech-tract. We possess certain knowledge 
of only a few points along this tract, — the point of origin in 
the lower frontal convolution, the terminal point in the nuclei 
of the facial and hypoglossal, and, between the two, a point out- 
side the tail of the nucleus caudatus. Apparently (Wernicke) 
the tract passes somewhat toward the median line from Broca's 
convolution — third frontal — and pursues an almost horizontal 
course under the island, dorsad of the internal capsule. Its 
fibres then pass into the internal capsule behind the motor tracts, 
and from there run to the crusta. In the pons they must 
gradually pass up into the tegmentum. Disturbances of speech 
have been observed in disease of all the above-mentioned points. 
(See Figs. 27 and 28.) 

4. The coronal fibres to the pons arise from the cortex of 
the fore-brain, particularly from the frontal and parieto-occipital 
lobes. They pass through the internal capsule into the crusta, 
and from there into the pons (Fig. 56). From here they pass 
either directly or through interpolated ganglion-cells into the 
middle peduncles of the cerebellum, or brachia pontis. 

5. The tegmental radiation arises in the parietal lobe, pos- 
sibly in the same regions as the pyramidal fibres, and passes into 
the posterior third of the internal capsule. In this situation it 
is veiy closely approached by the optic radiation from tlie oc- 
cipital lobe, and by the central tract of the acoustic. (As 
regards the latter tract, this has been demonstrated clinically, 
but not anatomically). A part of the tegmental tract passes 
into and through the lenticular nucleus, and a part passes 
directly into the fillet. Probably these two portions become 
united on the median side of the body of Luy's, — upper fillet. 
(Compare Figs. 47, 51, 52, 54, 56, and 59.) 

6. The largest part of the fillet arises from the deep marrow 
of the corpora quadrigemina and from the nucleus of the pos- 
terior quadrigeminal body. In all likelihood it represents the 
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central sensory tract, or at least contains a good share of it. 
(Figs. 62, 65, 66, 70, and 72). 

The fillet then passes back in the tegmentum of the eras, 
the pons, and the oblongata. On its way it gives off fibres to 
the opposite nuclei of the trigeminus, the acoustic, the glosso- 
pharyngeal, and the vagus. (Figs. 127, 126, 12.5, 122, and 121). 

In the medulla oblongata a large share ol' the fibres branch 
off and pass dorsad over the middle line to the uudei of the 
posterior columns, — internal arciform fibres. (Figs. 120, 117, 
115, 114, HI, 110, and 109.) 

The fibres of the posterior columns mn caudad from the 
nuclei of these columns. Opposite each spinat-nerve root a few 
fibres are given off, wliich emerge with the root and enter the 
cells of the spuial gjinglion. From these cells the sensory nerve 
arises. 

Those fibres of the fillet which are left after the tracts to 
the nuclei of the posterior columns have been given off ran 
backward in the anterior and lateral columns of the spinal cord. 
A number of these fibres pass olf to the gray matter opposite 
each sensory spinal nerve, traverse it, and enter tlie opposite 
posterior horn. Tliey are lost in the net-work of cells and fibres 
at that point; from this net-work, however, a great number of 
the sensory fibres arise. They all terminate directly in the 
spinal ganglion, and from this tlie sensory fibres arise. (Figs. 
103, 100, and 88). 

In this way connections are established between all the 
fibres of the layer of tlie fillet and the nuclei which lie on the 
opposite side. A portion decussate in the oblongata, the rest 
only do so after reaching the spinal cord. From tliese nuclei 
the fibres of the posterior roots are given off'. 

You have seen that the motor nerves are connected directly 
with the cells of the anterior horn, and have learned that a 
central tract, partly direct and partly crossed (the pyramids), 
ari.ses from the anterior boras. Tlie direct part (lateral pyramidal 
tract) glasses across to the opposite side in the oblongata, and so 
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joins the other part which had already crossed in the spinal 
cord. The two, united, form the pyramids of the oblongata. 

We also know that the sensory nerves have an analogous 
central course. The nerve first passes to its nucleus in the 
spinal ganghon. From the nucleus a direct tract is developed, 
which passes upward in the posterior columns. In the oblongata 
it passes over to the other side. Their course differs from that 
of the motor nerves in that they pass through a nucleus (nucleus 
of the posterior column) before dec\issating. In addition to 
this, there is given off from the spinal ganglion a tract which 
decussates directly after entering the spinal cord, but this tract 
must also pass through the unknown mechanism of the posterior 
horn. 

There is an important and characteristic difference between 
the ways in which the two sets of nerves are connected with 
their prolongations into the brain. 

The connection is always a crossed one, but, in the case of 
the sensory nerve, an additional apparatus is interposed in the 
cord, between the nucleus of origin, which lies outside the cord, 
and the central tract. With a motor nerve the case is different ; 
its nucleus of origin alrfeady lies in the cord. 

7. The central course of the trigeminus from the cortex to 
the capsule is unknown. Its fasciculi must, according to patho- 
logical experience, lie in the posterior third of the capsule. 
From here a tract must pass to the tegmental nuclei, the most 
anterior of which lies under the corpora quadrigemina, in the 
lateral wall of the aqueduct, the middle one in the midst of the 
pons, and the most posterior extends from the cervical cord up 
to the point of exit of the nerve. Near the point of exit is 
situated the motor nucleus of the nerve. Pathology teaches us 
that the ascending root contains the sensory fibres for the face. 
The central tract reaches all these from the fillet of the opposite 
side. These fibres are well known and were described in Lec- 
ture XI. From the trigeminal nuclei arise the roots whose 
sensoiy portions pass into ganglia (Gasserian and ciliary ganglia. 
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etc.)- jiist like the posterior roots of the spinal nerves. The nerves 
arise from tliese ganglia. (Compare Figs. 47, T2, 86, 109, lit), 
113, lU, 115, 125, 127, 128, and 132.) 

8. As to tlie cerebiul source of tlie acoustic nerve, we may 
assume that it is situated somcivlicre in tlie temporal lobe, that 
from here it is connected, in some way, witli the posterior por- 
tion of the capsule, and tliat the acoustic tract passes on in that 
portion of the fillet wliich originated in the nucleus of the , 
posterior qnadrigeminal body. On reaching the level of the ( 
acoustic nucleus it passes to the opposite of these structures in I 
the strite acusticre. There are two acoustic nuclei, — a dorsal, 
whicli resembles a sensory nucleus, both in situation and 
structure, and a ventral, which has a somewhat similar stiiicture I 
to that of the spinal ganglia. From its relations it may, j 
perhaps, be compared to one of the latter. Througli its central ' 
nucleus, the acoustic nerve is connected with the upper olivary ■ 
body. From the latter, fascicuH run to the cerebellum and to 
tlie nuclei of the ocular muscles, and probably fartlier up to I 
more anterior regions of the bram. (Compare Figs. 47, 65, 85, 
113, 121, 122, 125, and 126.) " 

Tlie trigeminus and tlie acoustic both receive fibres from 
the cerebellum. 

9. Nothing is known about the central course of the vagus 
in the fore-brain. If the often-mentioned region in the posterior 
portion of the capsule is destroyed, no symptoms appear which 
can be attributed to the vagus. Disturbanceof the sense of taste 
(glosso-pharyngcal) is present. Reference has been made to 
the course of the fibres from the fillet to the opposite nuclei of 
the vagus and glosso-pharyngeal. These nerves also apparently 
receive a tract from the cerebellum. 

10. The centml course of the optic nerve has been 
explained in all its relations. (Compare Figs. 56, 57, 61, 62, 
66, and 70.) 

I will again remind you that this nerve arises from the 
pulvinar thalami, the corpus gcniculatum laterale, the tuber 
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cinereum, and, mainly, from the corpora quadrigemina. Fibres 
from the optic radiation, which commences in the occipital lobe, 
pass to all these sources. This mdiation passes along the outer 
side of tlie posterier horn of the lateml ventricle, and, therefore, 
in its passage from the cortex to the primary optic centres, it 
runs under the lower parietal lobule. Hence, in diseases of the 
latter, or when it has been experimentally destroyed in animals, 
disturbances of vision arise which resemble those of cortical 
origin. 

The fibres of the optic tmct nm to the chiasm. There the 
greater part of them cross to the opposite side. A small portion, 
which, however, are not gathered into a distinct bundle, remain 
on the same side. The conflict which was carried on for years 
over the chiasm has lately been definitely settled by Singer and 
Münzer, with the results given above. The optic tract must 
contain pupillary fibres coming from the oculo-motor nerve. 
It is not yet known by what course they reach the former. 
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Abducens nerve, 188, 207 
Accessory uerve, 178, 188 
Accessory olivary process, internal, 200 

posterior, 200 
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lentifoimis, 88, 113 
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Aqueduct of Sylvius, 90 
Arbor vitSB, 136 
Aims of the pons, 43, 132 
Association fibres, 69 
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Calcar avis. 53 
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ventricular gray matter, 38, 91 
Centrum semiovale, 31 
Cerebellar peduncles, 132 

anterior, 105, 111, 132, 142 
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posterior, 132, 142 
Cerebellum, 14, 20, 34, 132 
Cervical enlargement of spinal cord, 

150 
Chiasm, 100 
Choroid plexus (fore-brain), 14 

(after-brain), 137 
Cingulum, 71 

Clarke, columns of, 157, 170 
Claustrum, 38, 80 
Clava, 187 

Columna fornicis (see also Fornix), 52 
vesicularis, 157, 170 



Commissura, anterior (fore-brain), 88, 
52, 71 
(spinal cord), 167 

media, 36, 52, 91 

posterior, 36, 104 

thalami dorsalis, 26 
Conarlum (see Pineal gland) 
Conus terminalis, 150 
Convolutions of cerebrum, 45 
Cornu ammonis, 54, 55 
Corona radiata, 24, 85 
Corpora quadrigemina, 14, 34, 95, 105, 

106, llC 121 
Corpus callosum, 82, 52, 71 

ciliare (dentatum), 188 

geniculatum laterale, 26, 86, 89, 108 

geniculatum mediale, 36, 108 

mamillare (candicaus), 92, 93, 99 

opticum, 20 

restiforme, 132, 142, 195-198 

striatum, 16, 21, 78 

subthalamicum (Luys), 93, 104 

trapezoides, 205 
Cortical epilepsy, 70 
Crura fornicis, 35 
Crusta, 27, 85, 97, 124, 126 
Culmen, 133 
Cuneus, 58 

Declivity, the, 133 

Decussating commissure, anterior, 139, 
148, 144 
posterior, 144 
zone, 142 
Degeneration, secondary, 6, 147, 159, 

162 
Deiter's nucleus, 208 

cells. 159 
Dendritic tracts, 142 
Direct sensory cerebellar tract, 143, 102, 
208 

Ehrenberg, 2 
Embolus, 138 
Embryology of central nervous system, 

18 
Embryonic lamina terminalis, 13 
Epiphysis, 20, 25, 35, 96 

Facial nerve, 188, 204, 207 
Fascia dentata, 55 
Fasciculus antero-lateralis, 164 
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FiflBura calcarinn, 63 


Inter.bniin, 13, 14. 35, 74, 89 


hippocampi, 64 


Inter-olivary layer, 184. 108 


ocdpito-temporaliR, .IT 


Intuniescentiu ccrvicttÜB. 160 


mi'ieto-occipi talis, 33 
Sylvii, 16, 46 


lumbal is. 160 


Islaiidof Reil. 38. 46 


Flechaig. 7 




Fleece, the. 143 


Knee of corpus calloanm, 63 


Flocculus, 135 


of internal capBule. 80 


Foüuin cacmnlnis, 134 




Foramen of Mnjtendie. 138, 187 


Lamina medullaria timlami, 104 


of Monro, 34 


terminalis, 101 


Pore-brain, secondiiry, 14 


Laqueus; 36, 96. 104. 113. 321 


Formatio-retlculariH, 202 


Lateral cerebellar tract. 164. 193 


Fornis. 16, 35, 51 


columns, 169 


Fountain-like deciisBation of the teg- 


Latticed layer, BO 


nitiiitum. 114, 134 


Lemniscus (see Laqueua) 


Prontdl lobe, 24. 48 


Lenticular nucleus. 18, 38, 78 


Funiciilua gracilis, 163 


divisionB of, 86. 67 




Limiting layer of gray matter, 166 


FiuTows of cerebrum, 46 


Lingula, 183 




Lisenceplialnus mammals. 28 


Gnnglion-cells. 40 


Lobes of cerebellum, 13S 


Gaeglionbabenulic.BO, 36 


Lobi optici, 26 


Ganglionic ridge, 19 


Lobus centralis. 133 ^^_ 


Onekell, 33 


cuneiformJB, 136 ^^^^^^^1 


GaBBCrian ganplion, 233 


frontalis, 34. 48 ^^^^H 


GelalinoUB cortical layer. 1S8 


linfiualiB, 63 ^^^^^^H 


Gennari, line of. 6.^ 


Gland, piaeal, 20, 25, 35, m 


oecipiUlis. 50 ^H 


GlobuB palliduB, 38, 86 


olfaciorius, 100 ^H 


GlosBO-pliiiryiigeal nerve, 188, 191, 


parietalis, 49 ^H 
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posterior inferior, 186 ^^^| 


Goll'a tract. 163, 183 


(tuftdrangularis. 134 ^^M 


Granular layer, ly» 


semilunaris inferior. 135 H 


Ground-bundle of posterior column, 


superior. 134 ^M 


183 


temporalis. 48 ^1 


of anlerior column, 1S6 




Giidden, 7 


disease in:— ^M 


Gudden's commissure. 108 


the cortex, 67 ^H 


Gyrencephalous mammals, 33 


the central ganglia, 102 ^H 


Gyri insuln. 48 


the cerehellum. 145 ^H 


Gyrus angularis, 49 


tbe quadrigeminal region, 134 ^H 


ceniraliaant. et post., 48 


the spinal cord, 160, 178 H 
the oblongata and po^^ 315 ^M 


dentatuB, 54 


fonnicatUB. 63-55 


the white substance. 81 H 


bippoeampi, 53-55 


Locns creruleus, 210 ■ 


marginalia, 49 


Longitudinal flaaures (spinal cord). 153 


occipito temporal IB, 57 


Lumbar enlargement ■■ '■ 150 


uncinatus, 53 


Luys, body of, 93, 104 
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Margin of hem'sphere, 14 
Marginal convolution, 55 
Marrow, deep, 27, 114 
Medulla oblongata, 29, 176 

spinalis, 27, 150 
Medullary sheath in spinal-cord, 158 

structure of, 8 
Methods of investigating the central 

nervous system, 4-14 
Jileynert's bundle, 121 
Mid-brain, 13, 34, 95, 120 
Motor area of teguientuui, 199 

nuclei of cranial nerves, 19D, 222, 
etc. 

roots, 147, 201. 222 

speech-tract, 74, 221 

Nerve -fibres, 40 

two forms of origin of, 41 
Neuroglia, 39 
Nodulus, 134 
Nuclei acustici, 204 
Nuclei of the thalamus, 89 

of trigeminus, 209, 210 

of trochlear nerve, 130 
Nucleus ambignus, 191 

amygdalae, 38 

arciformis, 196 

caudaims, 18, 34, 77 

dentatus, 138 

fastigii, 144 

funiculi gracilis. 181, 183 
cuneati, 181, 182 

globosus, 138 
• lemnisci, 212 

lentiformis, 18, 38, 78, 86 

of abducens, 207 

of accessory nerve, 173 

of facial nerve, 204 

of glosso-pharyngeal nerve, 191 

of oculo-motor nerve, 115 

of hypoglossal nerve, 193 

pyramidalis, 201 

reticularis tegmenti, 202 

ruber, 93, 94 

Oblongata, 29, 176 
Occipital lobe, 50 

sulci, 50 
Oculo-motor nerve, 115, 183 
Olfactory nerve, 25, 100 

bulb, 25 
Olivary body, inferior, 176. 184, 197 

superior, 205 
Operculum, 47 
Optic nerve, 26, 100, 108, 224 

Pallium, 21 
Paracentral lobule, 53 
Parietal lobe, 49 

organ, 26 
Pedicle of thalamus, 74 



Pedunculi cerebelli, 132 
cerebri. 27, 36, 85 
conarii, 36, 96 
corporis mamillaris, 92 
Pes hippocampi major, 54 
minor, 53 
pedunculi, 27, 85, 97, 124, 126 
Plexus choroideifs (fore-brain), 14 

(after-bi-ain), 137 
Pons, 14, 29, 74, 98, 127, 215 
Posterior columns, 159 

nuclei of, 181, 182 
Posterior horns, 152 
head of, 177 
neck of, 177 
roots of spinal cord, 147, 156, 167, 
224 
Prsecuneuia, 58 
Processus protoplasmatic!, 42 

reticularis, 153 
Pulvinar, 86, 89 
Purkinje, cells of, 138 
Putamen, 38, 79, 86 
Pyramidal column, 180, 198 

tract, 74, 98, 111, 219, 222, etc. 
in anterior column, 160, 222 
in lateral column, 160, 2^2 
Pyramis cerebelli, 135 

Raphe, 199 

Rays, 21 

Red nucleus, 93, 94 

Regio subthalamica, 88, 93 

Reil, 2 

Remak, 2 

Remnant of antero-lateral column, 165 

Respiration bundle, 191 

Rhomboidal fossa, 96, 175, 187 

Saccus vasculosus, 25 
Secondary degeneration, 6, 160. 161 
Sensory nuclei of cranial nerves, 191, 
200, 201, 223 

roots, 18, 147, 156, 223 
Septum pel lucidum, 16, 34, 51 
Speech-tract, 74, 221 
Spider-cells, 159 
Spinal cord, 28, 149 

segmentation of, 151, 155 

ganglia, 147 
Splenium, 52 
Stilling, 2-4 

Stratum complexum et profundum 
pontis, 127 

intermedium (Meynert's), 111 

superficiale pontis, 127 

zonale, 89 
Stria medullaris, 36 

longitudinalis Lancisi, 56 

terminal is, 36 
Striae acusticae, 207 
Substantia gelatinosa centralis, 158 
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Substantia gelatinosa Rolandi, 158 

innominata, 91 

nigra, 95 

perforata, anterior, 100 
posterior, 98 

reticularis, 180 
Sulcus calloso-marginalis, 52 

centralis, 48 
insulse, 47 

interparietal is, 50 

olfactorius, 56 

orbital is, 56 

prsecentralis, 48 
Sylvius, fissure of, 15, 45 

Tangential fibres of cortex, 65 
Tapetum, 72 

Tegmental bundle of corpus mamillare, 
93 

radiation, 75. 87, 91, 113, 221 

tract, central, 201 
Tegmentum, 27, 85, 111, 122, 129 

motor area of, 199 
Temporal convolutions, 48 

lobe. 48 
Thalamic ganglia, 25 
Thalamus, 14, 34, 74, 89 
Tonsilla (cerebelli), 135 
Tractus intermedio-lateralis, 153 

olfactorius, 25, 100 



Tractus opticus, 26, 89, 100 
Trigeminus nerve, 188, 209, 223 
Trochlear nerve, 130, 188 
Tuber cinereum, 36, 38, 100 

olfactorium, 100 

valvulee, 135 
Tuberculum acusticum, 204 

anteriuB, 86 

Uvula (cerebelli), 134 

Vagus, 188, 191, 224 

Velum medulläre anticum, 134, 136 

posticum, 21, 137, 187 
Ventricle, 14, 15, 33 
Ventriculus lateralis, 14, 15, 33 

quartus, 96, 127, 140, 176, 187 

septi pellucidi, 34 
Vermis, 132, 133 
Vicq d'Azyr's bundle, 93 

White substance, 158 

of cerebrum, 31 

of hemispheres of cerebellum, 135 

of vermis, 138 
Worm, 132, 133 

Zona spongiosa, 169 

terminalis, 169 
Zone of anterior horn (His^. 29 
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JUST PUBLISHED— A NEW AND VALUABLE WORK ON 

Practical Electricity 

MEDICINE AND SURGERY. 

G. A. LIEBIG, Jr., Ph.D., 

A«,iianT m KkttricHr. Jahns Hopkins Univcshy i I cciuscr nn Medina] Elcctsieny, Cnllcgt nf Phy- 
sicians and Surgcnns, fiailimnn: Mninlinr oi ihn Amnriqan insiilum 
of EInclHcal Enginnnns, «c , 

OEOBGtB H. KOH:^, M.D., 

i'rufcEur ol OlHIclriu and Hygiene, t'snUeeE of Fhyiidsi» and SuigcoDE, BaLUmum , Visiting PliyEidlui 
ta Bay View and llity Haipilab^ UliulDt or Ihc Maryland Msleniiii: Asuotate 

PBonaELY IUUSTHATED by wood-cnbr^vinqs ahd orisihal diabhams. aho published in one 

HAfiaSOMS ROYAL OCTAVO VOLUME OF ABOUT 400 PAQES, BOUND in extra cloth. 
NET PRICE. UHITED STATES and CANADA. 92.00, Pft-itaid; BBEAT BRITAIN, ei. Oil.; FRANCE. 12 fr. 40. 

Tlip jiiirt »u I'hysicivl 'Electricity, written bv Dr. Liebig, oue uf Llie i'ecuguiaad 
, finlies on the itcieiioa in the United Stains, trp-ntn fully Kouh topics of inl*r«t «a 
. '«Coragi! Biitleries, Dyiuuuoi, the Electriu Light, and the Principles und Priictice nf 
"' .'I'U'iL-uJ MenHurenienl in their rsktitina la Medlual Practice. 

, PrOfdHKor Rnlie, whu writes ou Electro- Therapeutics, diecucses at length tbe recent 

dev*lo^rilientfl uf Electricity in the tri?atment of strielnre, enlarged proHtate, uteriOH 
libroiiS, pelvic eelluliüä, and other diseaaee of the male and fetnale genito-nrinary organs, 
'rhn applications of Electricity in darmatolagy, a« well hs in the diBeaaex of t)ie 
vuuB Bystem. are also fully considered. 
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Bashore's Improved Clinical Chart, 

For the 3BPABÄTB PLOTTING of TEMPEaATTISE, PULSB, and EESPBATION. 



By HARVCV B. BASHORE, M.D. 




SO Cli.axtB, laa. TaTolet I^on».. 
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The Physician Himself 

AVn THINGS THAT CONI.ERS' 

HIS REPUTATION AND SUCCESS. 

D. -W. CATHELL, M.D., 

BALTIMORE, MD. 

Bei«g Mm //WTN EDITION (Enlarged and Thoroughly ReriBodj of the 'PHrSICIJIM 

HIHSELF. »MD WHAT HE SHOULD ADO TO HIS SCIEHTIFIC ACQUIREHE/ITS 

IM ORDER TO SECURE SUCCESS.' 

In One Zudaome OcUto Volnae of 39S Tages, Bound in Extra ClotL 

Prioe, Poet-paid, in United States and Canada, «3.00, Net: Great 

Britain, 8a. Qd. ; France, 13 fir. 40. 



Tliis remarkable book has passed through eight (8) laditions in less 
nil ÜTB years, has met with the unanimous and hearty approval of tht^ 
'ofession. and is practically indispensable to every young gradiiatu 
who aims at success in his chosen profession. It has justqndergone a 
thoTougli revision by the author, who has added much new matter cover- 
ing many points and elucidating many excellent ideas not included in 
former editions. This unique book, the only complete one of the kiriil 
sr written, will prove of inestimable pleasure and value to the practi- 
tioner of many years' standing, as well as to the young phyeician who 
^ needs Just such a woric to point the way to success. 

We give below a few of. the many unsolicited letters received by 
I the author, and extracts from rpviows in the Mediciil Journals of this 
iner«ditions: 
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Spinal CONCUSSION: 

Surgically Coneidered as a Cause of Spinal Injury, and Neurologi-j 

oally Restricted to a. Certain Symptom Group, for 

wMcb is Sug'geeted the Designation 

ERICHSEN'S DISEASE, AS OHE FORM OF THE TRAUMATIC MEUROSES. 



S. V. CLEVENGER, M.D., 



Fur more than twenty yea.in this subject has occasioned hitter 
teiitioii in Inw courts, between physicians as well as iittonieys, iirid iS 
Ihnt time no work has appeared that reviewed the entire fleld judicinll« 
until Dr. Clevenger's book was written. It is the outcome of fivt 
i^pecial Rtudy and ex]}erience in legal circles, clinics, hospitiil nnd privutfl 
practice, in addition to twenty yenrs' lahor as a scientific student, writäS 
and tendier. 

The literature of Spinal Concussion has been increasing of late yeaH 
111 ail nnwieldy aha[« for the geuerai student, and Dr, Cleveugcr lias i« tl 
work prrnngert and reviewed all that baa been done by oliservera eiii 
the days of Erichseii and those who preceded him. The dift'ert^nt ai 
~ti.>metinies aütt^oniatie views of many authors are fully given from t 
ivritings of Eriehsen, Page, Op[>enheini, Erb, Westphal, Ahercrombid 
Sir Astley Cooper, Boyer, Charcot, Leyden, Rigler, SpitEka, Futnm 
Knapp, Dana, and nniny other European and American stiiUeute of tlji 
subject. The small, but important, work of Oppenheim, of the Berln 
University, is fully tmiittlated, and constitutes a chapter of Dr, Üleveil 
ger's book, and reference is made wherever discussions occurred t] 
American medico-legal societies. 

There are abundant illnstrations, particularly for Electro-diaymosi 
and to enahle a clear coinpreliension of the anatomical and pathiilogict 
relations. * 

The Chapters an-: I. Historical Introduction; II. Eriehsen od 
Spinal Ooncuasiou; III. Page on Injuries of the Spine and Spinal Co rrla 
IV. Recent Discussions of Spinal Concussion ; V. Oppenheim on Tri 
matic Neuroses; VI. Illustrative Cases from Original and all otl« 
Sources; VII. Traumatic Insanity; VIII. The Spinal Column; IX 
Symptoms; X. Diagnosis; XI. Pathology; XII. Treatment; Xllfl 
Medico-legal Considerations. 

Other special features consist in a description of modem meth< 
of diagnosis by Electricity, a discussion of the controversy coi 
liysteria, and the Huthoi''s original pathological view that the. lesion i 
one involving the spinal sympathetic nervous system. lu this lattflj 
respect entirely new ground is taken, and the diversity of opinion coti 
ceruing the functional and organic natiue of the disease is afforded ^ 
basis for reccfticiHatioh. 

tJ'vnj I'hi/nicimi avd Liiw;/er should own this work: 

In one handsome Royal Octavo Volume of nearly 400 pages, 
Thirty Wood- Engravings. Net price, in United States and CariadaJ 
$2.50, post-paid : in Great Britain, Ms. 3d. ; in France, 15 fc 

rr A. OAlflS. Medical Publisher. Phifodelphin. Pq,. tl.S.S.l 



JUST READY A NEW AND IMPORTANT WORK. 

^^- ESSAY ^= 

MEDICAL PNEÜMATOLOGYIAEROTHERÄPY: 

THE CLINICAL AND THERAPEUTIC VALUE 
D SURGICAL PRACTICE, WITH ESPECIAL 
VALUE AND AVAILABILITY OF 

OXYGEK, NITROGEN, HYDROGEN, AND NITROGEN MONOXIDE 

Br cJ. N. DEMARQUAY, 

on to ihe Munictpil Hospiial, Pari?, and of the Council of Sinie ; Hnmber of Ihe iMorial Swidr 

Catholic and of the Conceiitlon, of PoriUKal, «.:. 
TRANSLATED. WITH NOTES. ADDITIONS, AND OMISSIONS. 

By SAMUEL S. WALLIAN, A.M., M.D., 
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For some years puat there has been a growing demand foi' aomethiu^ moie HaLiafiic- 
tory »ad more practical in tbe way of litaratnte on tha anhjeot of what ba«, by coniraon 
conaect, coma to be termed " Oxygen Tberikpeatics." Od all Bides praleEHionitl men of 
Atanding and ability' axt turning tbeir ntti'ntioa to the nee of the gaseous elements abont 
UB US rsmedies in dueas«, aa well as aoBtamen ia bealth. In proseeatiiig their inquiries, 
the fii'st hindrance has been the want of any reliable, or m any degree natisfactory, 
li(era.tm'u on the subject. 

Forged of tbe much iiaaukery Lereiofore aeeociaWd wtlh it Aetotherapy is uaw 
recognised m a legitimate; deparLment of medical practice. Althougli little iioifle :s made 
about it, tbe nee of Oxygen Gas as a remedy ban increased in thiü country wilbin a few 
years to such an extent that ia Haw York City alone the oonatmiptioii for medical pur- 
poees now amount« lo mure than 300,000 gallaoB per annum 

TliiB work, tranBlal«d in tbe main from the Freach of ProfeMor Demarquit^ , contain» 
also a very full account of recent EugliEh, German, and American fl-^neripnceB prepared 
\rj Dr. Samuel S. Wallian. of New York, whose experience in thiB Geid antedates that of 
, ftny otlier American writer ojl tbe subject. 



Plain Talks on Avoided Subjects. 



HENRY N. GUERNSEY. M.D., 
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äNEW^ EDITIONS 



Lessons in Gynecology. 

B7 WILLIAU QOODELL, A.M., M.D., Eto., 



i« ih* United S«l», UnowoSeied 10 ihc proteiioi 
pevkiui edllic». Il embr:u:&! all ihe more tnpon 

airtbar, U » an jddiBpensable E"l<lc to every prai 



jiicflses aiid the pHodpal operatlor 




Katorai. PosrrroN 



Bl^DDEB IS POLI^ 



I 



]i i* 100 good a boot 1» 
■fd of prlni, and it hnd 
Tbemühorhas revised 
adding la each lawn sj 

laired i1 by tlw lAHttK 
cdllioDwill.wlthiHitqu 

tfOM'Mn. ' "' 

The former edltiom 

ceoeived by the prnftB 



Oily iHKii miised. 

. and he ba> cn- 

:» lessons. This 
IB eagerly sought 

esllse were wdl 
hen is no iluiibl 



III than 



disease found ; 
every piiyslcia 



bis wiltiD», like 
The Hibituce 



fx is taken up and dis- 
id of a way .Wtwlsh 
could read atid carry 

le disiirdei«— OBijugll 



?tiee. In tTnited States and Ouada, Clgth, $5.00; Fnll Shaep, $6.00. Siscoont, 30 p«r 

lent., makiiis It, net, Cloth. $4.00 ; Sheap, $1.80. Postage, 27 Cents extra. Qreat 

Srit^, Cloth, 13a. ; Sheep, £1.2b., post-paid, net Franoe, 30 fr. 80. 

Bji rr. A. DAVIS, medical Publisher. Philadelphia. Pa.. U.S.A.) 
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AMERICAN RESORTS, 

WITH NOTES UPON THEIR CLIMATE. 
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^JUST PUBLISHED^ 



RECORD-BOOK OF MEDICAL EXAMINATIONS 

For Life Insuiaiice. 



In examitiing for Life Insurance, questions ar« easily overlooked and the unswere lo 
tiiBin omitted; and, as theae questioas are indispensable, tbej must beansivered before tlie 
«ase can be acted upon, and the examiner is often put to mueh inconTenience to obtain 
IliiB informatioQ. 

The oeod has long been felt among examiners for a reference-hook in which coul3 be 
noted, tha principal ,pointa of an esamination, and thereby obviate the naceBsity of a 
second TiBit to tlie spplitant when further information is required. 

After a careful atudy of all Uie forms of examination blanke now need by Icenrance 
Companiea, Dr. J. M. Keating has compiled euch a record-book which wo 'are anre will fill 
this long-felt want. 

This record-book is email, neat, arid complete, e 
that are required by the different companies. It is made in 

-ing one hundred (100) exam i notions, and No. 2, covering two hundred (200) e 
tionB. The size of the book is 7i3f inchee, and can he convenifinlly curried in the 
pocket. 
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^DISEASES» 



Heart and Circulation 

IN INFANCY AND ADOLESCENCE. 



1 



JOHN M. KEATING. M.D., 

ilothtPhibdflphla HoBplml, and Lrcturar on DtMsa of Women HndChildrci 

ihe Malcmiiy Hoapiinl : Physician id bl. Joseph'» Hospiral^ Fellow of the 

College of Physicians of J-hllaftelphUi, ecc, 

WILLIAM A. EDWARDS, M.D., 



ILLUSTRATED BY PHOTOGRAPHS AND WQOD-ENGRAVINOS. 

About 225 Pages. Svo. Bound in Cioth. Price, post-paiiä, in U. I 
and Oanada, Sl^O, net; Oreat Britain, 68. 8d. ; Franoe, 9 £r. 36. 





.■.cdDunt of the dlMuue of ihe hBUi ; nnd, indeed. a!far as.l.nown. Ih« irark of KeMinK .-.nd Edward«' n.iw 




abuiMiam msttrinl which is scaiiered ihronghoi.i medical lileraiure In the form of jourdBl nniclä, clinical 


iecturea, ihesc», and fcpom of JUCidles. 


ThiaulhemhavecsideavoiEil, inihelr difncDiIluk, to collect the» valuable maicrinlii and pin« Ihcu 


•ithin CMy reach of ih»e-ho aro intereited In thU importsnt subject, Thsi they havc.ncceeded Wll, wc 


believe, be conceded by nil «ho ahtain and mnke Uie of their very valiable coniribulioo to this hitherto. 


Begleclsd field of medical literature. 


An appends, cnlillcd " Clinical Studies on the Fnlie In Childhcwd," followl the indeir In the hook. u>d 




for rc^iily reference by a. well-ammged index We append the table of contents showing the scope of the 
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C«APTBR Vn,— General Diagnosis, Prognosis, and 


Fwnt Clrciiliaioo-<:ungenital Diseases of the 


TceaiTnent of Valvular llisease. 




Chaptex VIII.— Eadocarditis— Alherama—Aoeu. 


Chaftbh U.— Acute and Chronic Endocntdilis— 




Ulccraiiie endocardHi«. 


C«a"'™ lX.-Cardiac Nenro«s-Angin» Peewri. 


Chaitbr hi.— Acüieand Chronic Pericarditis. 




CuAPtan IV— I'he Irealraeoi of Endo- nod Peii- 


Chaftsk X.—Diaeasea of Ihe Blood: FlelbArB. 


cnrdlti!— Pamcenlais FcFicardil— Uydrupeiicar- 
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CHSriHK VI.— Valvular Disease; Mitral, Aorllo, 
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PERPETUAL CLINICAL INDEX 

MATERIA MEDICA, CHEMISTRY, AND PHARMACY CHARTS. 
By A. H. KELLER. Ph.G.. M.D. 

(^hemlslry aod ftiar- 

OliidlKtiliitypilldl, Onnt BrlUln. Firnn«, 

ITBt fricfl ibr Üie Complete Work, $6.00 $6.50 £Lls. 30 fr. 30 

Betd the Following Sescriptioii and ExpUnatisn ef the Work : 

'^ miäericaf in »rraEBäncnf'aiid ma^tä'Z anUe 'llSi^riöm »Mnirais of BoUny, Chemis'ry, and 

-nJ '••iiäjTRRlA MEOIOA " CHART. In lbs fint place, ajdi >i a glaii« : ist, BouDlcaJ or 
r.S. P. Name; ad. The Common Name : ,d. Natural Order ; llh. Where lüdigcnouB ; 51h, PrincipaJ Con- 
ilDcDI; Clh, Pan U^ed — herb«, leaves, floweis, rooii, barks, elc. ; jfn, Medicioal Pit^rtiet — m^nly coxi- 

Qa iM« Charr There are 473 Sm jiame^ ; Section A. Ib numbered from t lo sg, each section coramencln^ 
ith (he capiial letter, and having its own niunbcT^ on boib left-hand and righl-hand colunina, in prevent 
liirakeA In linins oui, all in quire large lyoe. In the ceoire ar the Chan, occupying about G incbefllii 

AcoNrr« UiiVBS. ' , 4 A. 

lua by rEfecaice Id 4 A bi £m column, you there find 'he botanical or U. S. P. Name. On this Chan Is 
»o found a brief definliion of the lenns used, under the heading '■ Medicinal Proponi«-" 

The "OUBHISTUY" OBABT laket In Kgnlar order the V. S. Pharmacopoia Chen icaU, with 

' "Alkaloid's and ^ö^^t^liomlSe taS'^'illhicfereown'^^nfoMhe Pel^JtSlClin'tjil Index.giving 
IcdlcInalFrnpeniei, Minute Dose and Luge Dose For euinple, At.K;M,Dn»iNDCDNi:BKTiiATiDNS^ 



:ine. Narcijiiit and Apyreiic. 1-300 

I, Prepanuions of ibe Pharmampoiia, eaiJi labulued. For 
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leiric 'Table of Weights. Heliui to the Stndy of ChemiHcy. Examphs in Work- 
log Atomic Moloculiir Fonnid». Neit. Enplanalion of Terms Used in Columns of Soluhilitirt, List of 
.._.. . .^.1 j^„„ j„ y,j^ j„j DcfiniiionB or Terras Frequently Used in Chemistry and 



—jasBS. and w-ilh an nverayc of fen reference, to each dlM^o^e, leaving mora for about forty more remedies 
fortaeh discjse. 'I'tje numberv, refer to the rtnicilie^ u^ed in Ihe dlseasi» by the most celebrated physicians 
and^urgenns, and llle gbbrr^vinlluns to the manner in which they are tisöd. Eight pages, ntlmbered And 
hOudceted, for other diJieascs not enumerated The &1atcria Medloa, EHplanationB, AbhrcviAtions, and 
Jtimedla siWEe«ted for. occupy tweniy-six oaEes. Fai AbbrEviUed Frcscriptloiu.HveDteen blank puet. 
Then the Indue to Alkaloids and Concentration». Thele, already enimietated, with their reference, nuinbis- 
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New Edition of an Important and Timely Work Just Published. 



Electricity in tlie Diseases of ^mt\ 

With Special Reference to the Application of Strong Currents. 

By G. BETTÜN MASSEY, M.D., 

dclphiii Onhupttdic llo^pii:il and [nfinnary fur Nervous Djstas«: Member of the Anieriqaii 
NeurologLcal Aes'D, uf Ihe Pliiladelphia Neuroloelcal äuüicty» Df LhE t't^nklia 1i>£I11u1(!,cICr 



This work is [irespnted to the jirofespiou 3b the most co[ii|rleta t.reatiea yet isEQed on 
the electrical treatment of di9eat<et) of women, and is destined to fill the inüroasing däaiucid 
for clear and pmutical iummoÄin m the handling and nee of strong cnrreutB after the 
reoeiit nictluiilB first advocated by ApostDli. The whole aabject is treated from thepreaent 
sUnd-poinr. of electric Bcience inith mno and original ilbtilTOliäns, tha thorongh studies of 
tiie author and his wide clinical eiperienae rendering him au authorltj upon electncily 
itself and ita therapeutic applications. The anthor haa enhanced the pro^tlc^al vulue of 
the work hy inolading the- catcl details of treatment and rea alts in a number of cases 
taken from his private and hospital practieo. 



sssm^^ 



-OOlTT^aTTS 

CHAFTEti 1, iDlradticEOTY ; ][, Apparariia leqiilied in gyDtfcolugicaJEipplic&tfanaDf Lhogalvaoicc 

•f peJvic deciia-punclun; Vll, The fjiraciic current la gynecology ; VIU. The franklinlc cuiroii In 
cology rix, Nan-cufillc vsEina'. utnhral, und rcclalaptiUcsliiiiii: X, Genera] percutancauBappJicii 
Ihe IrCBImtm of nelvous women; XI, The eleclrlcal ireumenl of fibroid nimo« of ibe.ulerui: X 
elesirlcal irenlmcnl of uterine hemorrhage; Xltl, The Electricii] lieatmeni of xuhlnvoliuion ; XI' 
eleuriciü ireaimentsf chconlG endDidcirlils BDd chronic morlitei XV, The electrical ireatmcnl of > 
(]iie3«3 of the utecUB und appendages; XVI. Electrical IreatmcDt of pelvic psia: XVIt, Thecli 
tieaimcnl of uterine diipbi^cmenU ; XVIll, The electrical Ireumenl of enTa-uierlne ptegnsncy ^ 
The electrical iTCaimenl of certain mhcellaneadi condKioni : XX, The cnnm-iiidlcatiai» andlimlta 




(F. A. DAVIS. Medical Publialier. Philadelphia, Pa.. O.S.A.J 
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PRACTICAL SURGERY. 

By J. EWING MEARS, BI.D., 



Willi 490 HlQstrations. SecoDd edition, rertsed and enlarged. 794 pp. l2rao. 



mcE. IM UNITED STATES ÄHD OAHAD» : CLOTH. tS.OO. DISCOUNT. 20 PEIt CENT.. ItAKINB IT 
12.40 : POSTAQe. 30 CENTS EXTKA. GREAT BHITAIN. ISt. FRANCE. 18 fr. 75. 



Mkahs' Practical Surgery includes chapters on Surgical Dress- 
ings, Biirirtaging, Fractures. Dislocations, Ligature of Arteries, Amputa- 
tions, Excisions of Bones and Joints. This 
wiirli gives a complete account of the 
iiiethoda of antiseptic surgery, Tlie dif- 
ferent agents used in antiseptic dressing, 
their methods of preparation, and their 
application in the treatment of wounds are 
y described. With this work as a guide 
'i poaaible for every surgeon to pmcMce 
I antiseptic surgery. The great adv-iiices 
made in the science and art of aui^ery are 
largely due to the introduction of anti- 
septic methods of wound treatment, and it 
is incumbent upon every i)rogrea8ive sur- 
geon to employ them. 

An examination of this work will 
show that it is thoroughly systematic in 
i it« plan, so that it is not only useful to the practitioner, who may be 
«ailed upon to perform operations, but of great value to the stutlent in 
his work in the wrgical room, where he is required to apply bandagfs 
■nd IVaotnrti dressings, and to perform operations upon the cadaver. The 
BXperience of the author, derived froni many years' service as a teacher 
(private and public] and practitioner, has enabled him to present the 
topiea discussed in such a manner as to fully meet the needs of both prac- 
_ titioners and students. 

_ ... .._ . ...LI"Ql.'°al!"ihr«ce!lencaöf " Wecan^ulT^ lo" """ 
ft<lhIi1»ok. Wie--"- ' - --*-- — ■"— - — '— ■'-—-'- ••- 

Vrnal ^ llu MeiiicaiSainatt!' ' ' — tiy for'ttiä miHi diSicidi and napsniüile pari of 

t rfi. J ^.' r ,. ,. ...L,.K.......j »uEBery—ll ample, Mid He noli« many new iWira- 

IDianeoflhe in»t valuable of the works of IB 
kind.— Jfcn' Orhans Mid. and Sure- 7"r. 
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AH EHTIRELt HEW PHrSICIAHS l/lilTm6 LIST. 

- ^ - - T H E 

JV^EDiCAL Bulletin V'Siting List] 

OR — 

PHYSICIAN'S QaLL f^ECORD. 



Frequent Rewriting of Names Unnecessary. 
This Visiting List is arranged upon a pUn best adapted to the most 1 
ivenient use of all physicians, and embraces a new feature in recording 
daily visits not found in any otlier list, consisting of sti;b oit dale leaves J 
IN THE FORM OF INSEKTS, a glanee at which will suftice to show that as thol 
first week's record of visits is completed the nest week's record may be« 
made by simply turning over the stub-leaf, without the necessity of re^l 
writing the patients^ names. This is done uutil the month is completed,] 
and the physician has kept his record jnst as complete in every detail of I 
VISIT, CHARGE, CEtEDiT, etc., as he could ha\ e done had he used any of the J 
old-style visiting lists, and has also sa^ed himself three-fourths of the ] 
time and labor formerly required in tranafernng names every week. 
There are no intricate rulings ; eyerjthmg is eisilv and quickly under- ' 
stood ; not the least amount of time can be lost m comprehending the I 
plan, for it is acquired at a glance. 

The Three DifTerent Styles IVIade. 
The Ifo. 1 Style of tliis List provides ample space for the dajlt J 
record of seventy (70) different names each month for an entire yei 
(two full pages, thirty-five [35] nauies to a page, being allowed to eacli J 
month), BO that its size is sulQcient for an ordinary practice ; but for | 
phj'sicians who prefer a List that will accommodate a larger practic 
have made a JTo. 2 Stylßf which provides ample space for the daily I 
record of one hundred and five different names (105) each month for J 
an entire year (three full pages being allowed to each month), and fori 
physicians who may prefer a Pocket Record Book of less thickness than ■ 
either of these styles we have made a 3^o. 3 Style, in which " Thel 
Blanks for the Recording of Visits In " have been made into removablaj 
sections. These sections are very thin, and are made up so as to answerl 
in full the demand of the largest practice, each section providing ampleS 
space for the dailt record of two hundred and ten (210) difpkrbmtI 
NAMES for one month; or one hundred and five (105) different immeal 
daily each month fur two mouths ; or seventy (70) diiferent names daily's 
each month for three months ; or thir^y-flve (35) different names daily C 
each month for six months. Four sets of these sectioua go with eacb fl 
copy of No. 3 Style. 

Special Features Not Found in Any Other List. 

In this No. 3 Style the printed matter, and such matter as tl«, 
blank, forms for Addresses op Patients, Obstetric Record, Vaccination, 
Record, Cash Account, Births and Deaths Records, etc., are fftstenedB 
permanently in the back.of the book, thus reducing its thickness. TJlfil 
addition of one of tliese removable sections does not increase the ^sa 
quite an eighth of an inch. Tins brings the book into such a small coift'l 
B that no one can object to it on account of its thickness, as i tftll 



r 



I 



{A VERT MTTCiri.Hss th«n that of sny VlrttSng H»t ever piiblisheiä. Every 
pliysician will at once uiiderstniid that as soon as a section ia full it can 
be taken out, filed away, and another inserted without the least incon- 
venience or trouble. 

This Visiting List contains a Calendar for the last six mouths 
of last year, nil of this, and next year; Table of Signs to be used 
in Keeping Accounts; Dr. Ely's Obstetrical Table; Table of Cal- 
culating the Number of Dosea in a given ß, etc., etc. ; for converting 
Apothecaries' WeightSÄud Measures into Qnimines; Metrical Avoirdu- 
pois and Apothecaries' Weights; Number of Drops in a Pluidrachm ; 
Graduated Doses for Children ; Graduated Table for Administering 
Laudanum ; Periods of Eruption of the Teeth ; The Average Frequency 
of tlie Pulse at Different Ages in Health ; Formula and Doses of Hypo- 
dermic Medication ; Use of the Hypodermic Syringe ; Formulre and 
Doses of Medicine for Inhalation; Formulse for Suppositories for the 
Rectum ; The Use of the Thermometer in Disease ; Poisons and their 
Antidotes; Treatment of Asphyxia; Anti-Emetic Remedies; Nasal 
Douches ; Eye-W ashes. 

Most Convenient Time- and Labor* Ssvrng List Issued. 

It is evident to every one that this ia, beyond question, the best and 
most convenient time- aud labor-saving Physicians' Record Book ever 
published. Physicians of many years' standing and with large practices 
pronounce this the Best List they haue ever seen. It is handsomely 
bound in fine, strong leather, with flap, including a pocket for loose 
memoranda, etc., and is furnished with a Dixon lead-pencil of excellent 
quality and finish. It is' compact and convenient for carrying in the 
pucliet. Size, 4 x CJ inches. 

IM XHREie BXTI.ESt-PIE'r PRICES, POBT-PA-l». 
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(F. A. DAVIS, Hedical Pubtisher. Pkiladalphia. Pa.. U.S.A.) 



Hand-Book of Eclam'psia; 

Notes anil Cases of Paerperal CoDYolsions. 



E. MiCHENER, M.D.. 



J. H. STUBS8. M.D., 



R. B. EwiNQ. M.O.. 



i. Thompson. M.D., 



S. Stebbins, M.O. 



7rlce, in United States and Canada, Botmi in Clotli, 16me. Vei, 75 Cents; in (Jreat 
Britain, 3 Shillings; In France, i tr. 30. 
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A MANUAL OF INSTRUCTION 

Sweiisli Mo Wflti^lassasfi Treatment 

Prok. Hartviq Nissen, 

Direeior of llw Swedish Henlih [..5(iinie, Wa-^binE>o^, D.C. ; laie Insinicior in PliysicaL Culmi 
Gymnastics al Ihe Johns Hopkins Universily, Ballimove. Md. : Aulhor of 

ILLUSTRATED WITH 29 ORIGlHAL WOOB-EHGRAVIHGS. 



In One 12mo Volume of 128 Pages. Neatly Bounil in Cloth. Price, 

post-paid, in United States and Canada, Not, 81.00; In 

O-reat Britain, 4s. 3d. ; In France, e tr. 20. 



This is tlie only publication in Üie EngÜsh laiigaaga treating this very impartuit 
enbjeot in a practical manner. Full instructiona »re given regarding the mode of 
applying 

The Swedisli Movement and Massage Treatment 

in variooB diseases and cumlitiona of the hainan ayetein witli tho greatflBt 'legree of 
effectivanefla. Professor Nissen ia the best aothority in the United States upon tbi» P[M- 
tical phase of this subject, and hia book is inJispensable to every physician wfio wiBhea to- 
know haw to use these valuable handiuaida of mediciue. 









Cf'. A. DAVIS, »edical Publisher. Philadelphia. Pa.. U.S.A.) 
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JUST READV-THE LATEST AND BEST PHYSlCrAN'S ACCOUNT- 
BOOK EVER PUBLISHED. 



- =-- THE PHYSICIAN'S^ 

All<Keqüis!TE T;nc. 



r^r^:^' Account-Book: 



"^KTIXjI^I-a-I.^ .ä_ SEIBBXai", 3i^.E>., 



Of Slajstazi. Pa. 



PROBABLY no class of people lose more money through careleaslj kept 
accounts anil overlooked or neglected bills tlian phyaiciaBs. Often 
«letaiiied at the bedside of the sick until late at Dight, or deprived of 
even a modicum of rest, it la -with great difficulty that he siwres the 
time or puts himself in condition to give the same care to his own 
Gnnncial interests that a merchant, a lawyer, or even a fai-mer devotes. 
It ia then plainly apparent that a System of bookkeeping and accounts 
that, without sacrificing accuracy, but, on the other hand, ensuring it, at 
the same time relieves the keeping of a physician's book of half their 
eompiexity and two-thirds the labor, ie a convenience which will be 
eagerly welcomed by thousands of overworked physicians. Such a sys- 
tem has at last been devised, and we take pleasure in offering it to the 
profession in the form of The Phssician's Au^Bequisite Time- and- 
LABtiit- Saving Aocoont-Book. 

There is no exaggeration in stating that this Account-Book and 
Ledger reduces the labor of keeping your accounts more thanone-lmlf, 
and at the same time secures the greatest degree of accuracy. We may 
mention a few of the superior advantages of The Phtsiotam's All- 
Bequisite Time- and Laboo- Saving Account-Bootv, as follow; — 
First— Will meet all the isqairements of 

the IttW and courle, 
SBConrf— Self-Biplaufttory ; ncF cipher node. 
TÄWS^ItöcompleUneaB williout eacrjficing 



an V thing. 

Feur^ — No posting ; one entry only. 

KftA — üniverBal ; can be cominencsd at an 
time of year, &nd can ha continued ii 
definitely nntil every account i« filled. 

Sixth — Abfoluiely no waste of space. 

Serenth — One jierBon must need» be fk 
every day of the year to fill hie accoun 
(If raiglit be ten years about it and ri 
quire no more tfan the »paue for oc 
acoount in this ledger. 

jE^Alft—Double tie nnmber and many timi 
more than the nnmbet of acuoiinta i 



y similar boolt; the 300-page book 
ntains enace for 900 accounts, and äie 
0-page book coalains space lor 1800 



Ninth — There are no Bmaller spacee. 

Tenth — Compact without sacrificing oom- 
pleteneaa; every account complete on 
same page — a decided advantage and 

Eleventh — Unifocm size of leaves- 
TmeHth — Tl^ utatemeiit of the most com- 
plicated account is at once before you 
at any time of month or year — io other 
worris, the account itself a£ it stands i« 
its simplest statement. 
TÄ/rteeflf*— No transferring of aoconnta. 



balac 






To all physicians desiring a quick, accurate, and comprehensive 
method of keeping their accounts, we can safely say that no book as 
suitable as this one has ever been devised. 

NET FItlCES, SHIFPrnt} EZFEIISSS- FBEPAID. 




Siie lOitia, Honnil In y, Uiiseia, RoiseJ '" ^- ^■ 

Ituck-Klinda, Cloth ^Idr BQ.OO 

SlzR lOiia, Boand la y., RasBia, Bidsed 

Back-Bunds. Clotli Sides, . . . 8.00 



(F. A. DAVIS. Meäkal Publisher Philadelphia. Pa.. U.S.A.} 



PHYSICIANS' INTERPRETER 

IN FOUR LANGUAGES. 

(ENGLISH. FRENCH, GERMAN, ßltO ITALIAN.) 



Specially Arranged for Diagnosis by BI. von V. 



The object of this little work is to meet a, need ofteu keenly felt by 
the busy physician, namely, the need of some quick and relinbk rnetliod 
of communicating intelligibly with patients of those nationalities and 
languages unfamiliar to the practitioner. The plan of the book is a sys- 
tematic arrangement of questions upon the various branches of Practical 
Medicine, and each question ia so worded that the oiAy answer required 
of the patient is merely Tes or. No. The questions are all numbered, . 
and a complete Index renders them always available for quick reference. 
The hook is written by one who is well versed in English, French, Ger- 
man, and Italian, being an exöeilent teacher in all those langiioges, and 
who has also had considerable hospital experience. 



Bound ia Full Buasia Leather, for Carrying in the Pocket. (Size, Sxaj 

Inches,) 206 Pages. Price, post-paid, in United States and 

Canada, Sl.OO, net; Great Britain, 4b. 6d. ; France, 6 fr. 20. 



To convey some idea of the scope of the questions contnined in the 
Physicians' Interpreter, we append the Index : — 



^mpiooui of Diight-i diKi 



Theeyt» 

Pamlyiliund [hum 
Slomach CDoiplalnu 



nd lainling tpolU ^it-'T! 

bt waBßnl l)ÜH!niiGk,,,,J.. ..vfl-^-j^ 

. fot vorioiu parti o[ Ihs body '^i-^9t 



Synpiouaf 1 
Tbc DTI , 






nli^t na »DflllaBC bull Tbr IhbIiuiJdk k atady af Aar obv of 
tilg IUi(ua« «UiA It lldlldHI.—lfMfinir nruf Tui'gisal 

Huiy ofthfl- bwlLB Df tba ■uiu hH. wIA nort ax- 
Usiivi xiaitnilrlli«. hail iasa pabllibBl.liat. bum tlislr 

It in hiTjilKmg\v prinuJ. ud bDaDd Is Dmitdl »d Intlur 



a gnutl; QlnlftTvd ^y m 



ta Uit th^fofui v! 



r 



An Importimt Ud to Stidtits ii till Stil; of 

Three Charts or 

Tlie Nervo- Vascular System. 

PABT I.— TSE WERTES. 

, J^ABT n.—THE ARTERIES, 

PART III.— THE VEIIfS. 

{RANGED BY W- HENRY PRICE, A.M., M.D., AND S. POTTS EAGLETON. 
ENDORSED BY LEADING ANATOMISTS. 

PHICS. IN THE UNITED STATES AND CANADA. 50 CENTS, NET. COMPLETE; 
GREAT BRITAIN. 2s. Stf. FRANCE, 3 fr. 60. 

" THS NEBVO-VÄSCULÄB SYSTEU OF CHÄBTS " fiir Excels E^er? Other S^tem 
in their CompleteaeBs, Csmpftctnese, and Äcenracy. 



Po/H I. The Nerves. — tiives in a dear 1'oi'ih not ojüy tbe Crtiiiiiil 
and Spina,! Kervea,Bliowmg tlie formation of tbe different Plexuses 
and llieir brancbea, but also the complete distribution of the 
briupATHETic Nerves, thereby making it the most complete und 
concise chart of the Nei'voua System yet piibirahed. 

Part II. The Arteries, — GiveB a unique grouping of the Arterial 
System, showing the divieionB and aubdivisiona of all the Vessels, 
beginniog from the heart and tracing their cosxinkoos distribution 
to the periphery, and showing at a glance the terminal branches 
of each artery. 

Part III. The Veins. — Shows how the blood from the periphery 

of the body is gradually collected by the larger veins, and these 

coalescing forming still larger vessels, until they finally trace 

themselves into the Right Auricle of the heart. 

It is therefore readily seen that "The N er vo-Vaa ciliar System of 

Charts " ofl'ers the following superior advantages : — 

1. It ia tbe only arrangement which combines the Three SyGtema, 
find yet each is perlect and distinct in itself. 

2. It is the only instance of the Cranial, Spinal, and Sympathetic 
Servous Systems being represented on one chart. 

3. From its neat size and' clear type, and being printed only upo« 
one side, it may be tacked up in any convenient place, and is always 
ready for freshening up the memory and reviewing for examination. 

4. The nominal price for which these charts are sold places them 
within the reach of all. 
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(F. A. DAVIS, medical Publisher Philadelphia. Pa.. U.S.A.) 
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TEXT-BOOKToF^ HYGIENE: 



By GEORGE U. ROIU^, BI.D., 
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PHYSICIANS' AND STUDENTS' READY-REFERENCE SERIES 
iTO. 'S:. 

The Neuroses of the Genito-Urinary System 

WITB STERILITY ASD IMPOTESCB. 
DR. R. ULTZMANN, 

ISAIISI.ATED, WITH THE ArTBDB'B rEamUIDH, EI 

GARDNER W. -ALLEN. M.D., 



Tliib gieat work upon a subjeut, nbicb, notw lib standing the great etridas that liav« 
been made in ite invetitiKalioii and Ihs d«e|! latei-esl, it posseases for all, is nevertbuleu 
■tiU but imperfectly undeistoad, bae bwn translated in a most perfect manner, sad pre- -. 
mrvea most fully the inberaiit excallonce and faHoinating style of it« renowned »nd 
lamented anthor. Pull and complete, yet terse and concise, it handle« the subject witb 
such a vigor of toucb. encb a clearness of detail aod description, and Bach a directness to 
Ijia resalt, that no medical man who once takes it up will be content to lay it down until 
its perusal is complete, — nor will one reading be enough. i 

ProfesBor Ultzmann was recognised as one of the greatest anthnrities in his choees 
■peoialty, and it is a little eingnlar that bo few of his writing have been translated into 
Enelish. Thone who have been eo furtunal« as to benefit by bis instmction at the Vienn» ' 
Policbnic can testify to the soandnesa of his pathological teachiugs and the success of hi* 
meOiods of treatment. He approached tbe Eubjecl from a somewhat different point oC | 
view from most surgeons, and this gives a pecniiar value to tlie work. It U believed, . 
moreover, that there is no convenient band-book in English treating in ' ' 
ttoe Qenit«-Qrinary Neuroses. 

SYNOPSIS OF CONTENTS, Fikst P*bt-— I. Chemical Changes in the Urine ia [ 
Cases of Neuroses. II. The Ni^lirosea of the Urinary and of the Sexual Orgaos. clusi 
fieil as: 1, Sensory Neuroses ; 2. Motor Nenrose»; .'t, Secretory Nenroeas. Seoobd PaW.— 
Sterility nni Impotence. 

The THEAiKBiirT m all Cases la DBaaarBED Cleablv u< 

•^f. *. BMriS. Mediea! Publisher; Philadelphia, Pa.. U.S.A.I1 




Hay Fever 



ITS SUCCESSf^UL TREATMENT BY SUPERFICIAL ORGANIC 
■ ALTERATION OF THE NASAL MUCOUS MEMBRANE. 



CHARLES £. SAJOITS, M.D., 









WTTH 13 KNQBAVmGS OW WOOD. ISmo. BUCKS IN CI^TH. 

EDGSS. PUICE. im UNITED STATES &ND CANADA, MET, «l-OO^ 
GBEAT BRITAXN. 4b. 3d.; FBANCE, fr. SO. 



The object of this little wurk is to place in the hands of tlie general 
practitioner the means to treat successfully a disease which, until lately, 
W!is considered iis inciii-able ; its history, causes, pathology, and treat- 
ment are carefully described, and the tatter is so arranged as to be 
practicable by any physician. 



Ir. S^nai hu idmintil)- |ir 



hj Fetet i» taUf mi *blj> diicnuul. 



PHYSICIANS' AND STUDENTS' READY REFERENCE SERIES. 



^InTo. 1. 



OBSTETRIC SYNOPSIS. 



By JOHN S. STEWART, M.D., 

io and Chief AuistoBI in the UynEccoloeical CUqic of 
College of Philadelphia. 



42 ILLUSTRATIONS. 202 PAGES. t2mo. HAHDSOMELr BOUND IM DAHK-aLUE CLOTH. 



, By Btndents this -work will be found particularly useful. It is based 
upon the teachings of such well-known authors as Playfair, Parvin, 
Lush, Galabin, and Cazeaux and Tamier, and, besides containing much 
new and important matter of great value to Imth student and practi- 
tioner, embraces in an Appendix the Obstetrical Nomenclature sug- 
gested by Professor Simpson, of Edinburgh, and adopted by the 
Obstetric Section of the Ninth International Medical Congress held in 
Washington, D.C., September, 1887. 



LB It HpAciiUlj liUibfibkfy. ThH JD4^lal«ia St. LatU JIaliral and Surgiml JoHFJUtl. 

(F. A. DAVIS. Medical Publisher, Philadelphia. Pa.. U. S. A.) 



DIPHTHERIA: 

Croup, Tracheotomy, üis Intubation. 

FFfOM THE FREN.CH OF A. SANN^. 



HENRY Z. QILL, M.D., LL.D. 



N*t Frlee, Foit-paid, OloUi, - 

" " LUtlUT, 



• $1.00. 
6.00. 



$1.10.. 

E.eo. 



I. la. 



30fr.30 



» translation from tha French of Sahse's groat 
., itB Professor of Surgery in Cleveland, Ohio. 

SASMfe's work Lb qaotad, direetly or indirectly, by eyeiy writor flioca its publicaLiou. 
U the highest authority, Btatietdcally, theoretianlly, and practically. The tranalator. 
hftTing given special etndy to the aubiect for many yeare, haa added over fifty pagei, in- 
cluding the Sareictkl Anatomy, Intubation, and the recent progress in tha branches 
treated down to tie present data; making it. beyond question, the most complete work 
extant on the subject of Diphtheria in the English langnage. ^ 

Facing the title-page is found e, very fine Colored Lithograph Plate of the parts uon- 
cernad in Trucheotomy. Nei;t follows an illustration of a cast of the entire Trachea, and 
bronchi to the third or fourth division, in one piece, taken from a photograph of a case 
in which the coat nss expelled during life from a patient sixteen years old. This is the 
moat aomplete cast of any one recorded. 

Over fifty other iliuatrations of the surgioal anatomy of instrumenta, etc., add to th» 
practical value of the work. 

Diphtheria having become snoh a jirevalent, wiie-spread, and fatal disease, no 
general practitioner can afford ta be without this work. It will aid in preventive meas- 
area, stimulate promptness in the applii^ation of, and utSciency in, treatment, and 
niorierate the extravagunt TiewB which have been entertained regarding certain specifics 
in the diseaaa Diphtheria. 

A full Index occoiupaniea the enlarj^ed volume, also a List of Authors, making 
altogetliei' a very handsome illustrated voliimu of over 880 pagoa. 
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STANTON'S PRIICTOL AND SCIENTIFIC PHKSIOGNOMji 

sa:o"w TO K-EjOld fjPlces. 

By MART OLMSTED STANTON. 



coplouttty lllnetraieä. 
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T*vo Large Octavo volnmee. 

< oloo lies'. zatri *o 



as. (Thii book has no nfCrence whatever ta Fhren 

rr. 4. DAIflS. Modieal Publiah%r. Philadelphia, Po.. U.S.Ä-l 



A. TREATISE 

Materia Medica, Pharmacology,! Therapeutics. 

cJOHN U. SHOEMAKER, A.M., M.D., 

PrgfeSior of MalclU Medic;;, Pharm.lcolosy. and ThciapcLllJO in Ihi: Mcdico-Chjnirgical IZMcgc of f hn»- 
dclptda, and Menbcr Anedcan Mcdicst AEUciatiun, 

dOMN flULDE, M.D., 

Deuionsiraiorof CllnicaiMMliducandof Physi»! Diugmuls in ibe Mtdico-ChirurKical College of PhilB- 



IN TWO HANDSOME ROYAL OCTAVO VOLUMES. 
CES, per Vnlume, In United SlateB: Cloth, Hlj.aa; Bbeep, 93.110. 1 
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The general plan of the work embracea three pa: 
pendent of the other, as will be understood from thB 

Purtal »ad II are coutaiaed in the volume nowjinnouiieed; tliiB,bowe¥er,iB not the only 
advantage accmine &oid the preparation pf the work in two volumen. Each volnme'wili 
thus be miiuh smaller and more convenient Co handle, while some jcay wish V> ieriiie 
particular portion of the work, and to them the cost ifl leesened.» 

Several hUnk sheets of closely -naJed letl«r-papet are inserted at convenient places 
the work, thug rendering it available for tlie student and phj'Bician to add vahiable not 
•loucerning new remediea and other important matters. 

Pabt I embraces three aubdiyiBions. as follow ; — 

J^rsf. A brief aynopaia upon the anbject of pharmacy, in wh 
concise description of the Dperfitiona and preparationa taken into at 
when preacribiDK medicinea, together with some practical t 
desirable meuhodä for aecaring eJEciency and palatability. 

Second. A CiaBsificatioQ of Medicines is presented nndec the bead of " Seneral Phar- 
macolojTf and Therapentücs," with a view to indicate more eBpecielly the metlioda by 
which fliB economy ia affected. Thua, there are Internal and External Eeniediea, and, 
b^dae, a claea termed Chemical Agents, including Antidotes, DisiDfectante, and Anti- 
septics, and an eiplunatary note is appended ta each, group, ze in the cBee of Äll^erabves. 
Antipyretica, Antispoamoaica, Purgatives, etc. 

Third. A Summary baa [leen prepared upon TberapentJC«, covering melhoda of 
Adminifitration, Absorption and Elimination, Incompatibility, Prescription -writing, and 
Dietary for the Sick, töia aettion of the work embracing nearly one hundred and fillv 
pagea, 

PAnT II ia devoted to "Bemediea and Remedial Agent» Not Properlv Classed with 
DvngB," and includea elaborate 'articles upon the following topicB i ErePtro-Tliorspy, 
Hyoro -Therapy, Masso- Therapy. Heat and Cold, Oiygen, Mineral-Waters, and, in addi- 
läon thereto, other subjects, perhapa of less sieaificauue to the practitioner, Bngb as Chmo- 
tology, Hypnotiam and SuMeation, Me tall o- Therapy, Tranafusion, and BaunscbeidtisinuB, 
have received a due share of attention, Thia section of the work emhrai^e« over two hun- 
dred pages, and will be found especially valuable to the student and recent graduate, as 
theas articles are fully abreast of the times, 

ToLUME II. which is Part III of the work, is wholly taken np with the eonsideration 
of drn^a. each renjedy being studied from three points oi' view, vii., the Preparatinns , or 
Materia Medic»; the Physiology and Toxicologv, or Pharmacology, and, lastly, it» 
Therapy. It will be REiDV ahodt Mat 1, 1SÖ0, 

Tne typography of the work will be found clean, sharp, and easily read without 
injury to the visual organs, and the bold-fiine type inter-'peraea throughout the teit makea 
the different aubjeota diacuased quick of reference. The paper and binding will alto be up 
to the standard, and nothing will be left undone to ma^e tba work first-class io, «vis's 
futicnlor, 

^^H fr. A. DAIfIS, Medical Pobllaher, Phiiodelph«, Po., U.S l| 
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T'lIIS new ami important work, the most thoroughly complete ia tbs Eiigliah langaaga ' 

on this subject, Lug just been issiieil. Id it tlie phyBiology of the domestic animala'a 
IB trsated in a most comprehensiTe itianuer, eBpesial pruininsncs being given to the Bub-1 
ject uf foods and foddera, and tha character of the diet for the herbjvornnndaE different. J 
conditions, with a. full consideration of tiair digestive peculiarities. Withont being o' 
bnrdeped with details, it forma a complata teit-book of physiology, adapted to the us 
«tudenta and praotilioDers of both veterinary and hnman medicine. TIUs loori Aoa aln 
been adopted as ihe Tixt-Sook on Phytiology in the Vtlerinaiy QaUega of (A* ) 
Stales, ffrail Briiaijt, and Canada. 



Cr. A. OAir/S. Medical Publisher. Philadelphin. Pa.. U^ 
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AßÄTKA^Ti FKOn REVIEW5*^3rilTH'5 FhY510L0QY. 



Dik ihrongbout ia well halancBd, 
Broad, though not encjclopEedic, codckb 
without BBcriäcitig clearneaa, it Gotnl>iiie)i 
Iho eesentiala of a, BuccsBafal text-hooh. It 
is emineotly noderD, ami, although firat in 
Ihe field, ia of Buuh grade of exuelleDi» that 
HnocenKtra milHt rea/^h a, high standard lie- 
fore they become competitors. — Annals of 
Surgery, 

Dr. Smith his conferred a, gr^iat bensfit 
apon (he veterinary profssaion by lii« cun- 
tribntion to their nee of a, worlc of immeuae 
value, and has provided the American vet- 
erioarj' atndent with the only means by 
which he can hecome properly lumiliar with 
the phyaiology of our domentic animalfl. 
Veterinary praiititiooera and giadnBMa will 
read it with pleaaure. Veterinary atudents 
will regidily a<:quire needed knowledge from 
as, and vetertaary schools which 
la well equipped for the work they 
perform cannot ignore it as their 
\ t«it-book in physiology .^J.mmBanfelm- 
' nary Jkvieui. 

Dr. Smith's preeentment of hia subject 
a aa brief as the alatus of the sidence ]ier- 
nits, and to this much-desired condeenera 
le haa added an eqnally welcome clearnesa 
tf statement. Tlie illnstrations in the work 
tre eiceediogly good, and must prove a 
i valuable aid to the full understanding of 
the text. — Jotinml of CoinpaTaitiie Mfditrine 
and Surgery. 

We have exaiiiined the work in a great 
many particular)), and Siid the views so 
correct, where we have hjiii the meana of 
compariscnofstutenleotE with those of some 
recognized authority, that we will be com- 
pelled hereafter to look to this work as the 
text-book on phyaiology of animals. The 
t book will prove of incalculable benefit to 
' velfirinanans wherever they may be found ; 
I and to the country physician, who is often 
I called opon to attend 



\ well as h 



1 beings 



e would say, 1 



I inmiliariiH! bimaelf with (lie facts it con- 
lins. — Firffinia Medical Monthly. 
AltoBBtiier, Professor Smith's " Phyai- 
oloOT of the Domestic Animals" is a happy 
prodaotion, and will be hailed witlj delist 
in both the human medical and veterinary 
vsdical worlds. It should find ibi place 
b^dflB in all agricultural libraries,— PXiii, 
■ PAdnni. M.D.. V.R., in the Wrekly Mchcal ^ 

It may be said that it supplies to the 

' veterinary student the place in physiology 

i that Chauvcau's incomparable work — '"The 

E Comparative Anatomy of Ibe Domesticated 

I AniioftU" — Doenpies in anatomy. Higher 

praise than this it is not possible to bestow. 

And since it is true that the same laws of 

pbysioloCT which are applicable to the vital 

proqesB of the domestic animals are also ati- 

I plicable to man. a perasal of this carefiilly 

[ written book will repay the medical student 

■ er practitioner.^f,li7»MJan Practiiiimcr. 



The work before ua fills the hiatus of 
which complaint has so often been made, 
and gives m the compass of leas than a 
tliouaand pages a very full and complete 
accoDutof the functions of the body in boüi 
Carnivora and herbivora. The author has 
judiciously ma<le the nutritive functions the 
atrouB point of the work, and has davoted 
special attention to the subject of tbods and 
mgestion. In looking tlimngb the other 
sBotioas of llie work, it appears to ns that a 
jusl proportion of space is assigned to each, 
in view of tJteir relative iniportanoe to the 
practitioner. Thus, while the subject of re- 
production is dismissed in a few pages, a 
chapter of considerable length is devoted 
to locomotion, and especially to the gaits of 
the horse. — iimdon Lancet. 

This is almost the only work of Ibe kind 
in the English language, and it so fully 
covers every detail of general and special 
physiology that there is no room for any 
rival. The excellence of typographical 
work, and the wealth, beauty, and clear- 
ness of the illnstrations, aorresjjond with 
the thi>roughness and clearness of the 
treatjse. — Aiban]/ Medical Annals. 

It is not often that the medical profes- 
sion has the opportunity of reading a new 
book upon a new subject, and doubtless 
English-speakmg physicians will feel grate- 
ful to Professor Smith for his admirable 
and pionner work in a branch of madictl 
science upon which a great amount of ignor- 
ance prevails. . . . The last i»>rtlon of 
the work IB devoted to the reproducüve 
functions, and contains much valuable in- 
formation upon a portion of animal jihyai- 
ology concerning wli ich many are ignorant. 
The book ia a valuable one in every way. 
and will be consulted largely by veterinary 
and tnodical students and practitioners. — 
Baffato Medical and Surgiail Jov,n\al. 

The appearance of Miia work la most ojw 
portune. It will be much appreciated, as 
lending to secure the thorough comprdien- 
sion of function in the domesticated ani- 
mali, and, in consequence, their general 
well-being — a matter of world-wide impor- 
tance. With a thorough sense of graüfica- 
tion we have peruaedita pages: thtougbont 
we find clear expression, clear rcosouiug, 
and that patient aocumiilation of fact« so 
valuable m a tait-book for stadontc.— 
firitiih Medical Jtmmiil. 

For notice this time. I take up the vol- 
ume on the ■' Phyaiology of the Domestic 
Animala," by Dr. R. Meade Smith, a volume 
of 938 paaea, closely printed, and dealing 
with its subject in a manner suffloiently ex- 
haustive to iiiaure its place aa a text-booh 
for fifteen years at the very least, lis 
learning is only equaled by ita itidustry, 
and its industry by the con«istfinry and 
skill with Wtiichits varied partssre hmughl 
together into harmonious, lucid, atui in- 
tellectual unity.— Db, Brs.tamis Wahr 
RlCHAKMOH. in the iotiiion, AsnttJpvo.il 
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With a.1 Appknuiji conlalninE a Puwl^icai Tabic, the newer rcmedl« inctuded ; Iniporiani lncoinp«tl- 1 
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Willie lli.i iLUÜior Lbs prepawl thi'i work eapecially fot 
[.Wvo iiiiilWr iias been added lu remier k extremely viiluable 
;idularly tlie seotiona ou tiiB Viscera, Spueial aennes, 
and Surgioal Auiilomy. 

TliH work iiitilHÖes % coitijilete wiuouni ul' Osteology, 
Artlf.nlfltioBB and Ligaaient». MumIm, FaBCin», Vawrubr 
and NflTvonB Syatems, Aümantiny. Vocal, and Bw^fttory 
and Qenito-Uriiiary ApparalUBSa the Organs oF Special 
til! Snrgk'al Anatomy. 
In iiddilion toanioEluarefully andacoacately prapafsd *j 
iixl, wUerevor |)osaibl», tbe value of tbe work htu been 
Bnhunced by tablea to facilitate ami minimis the labor of 
aiadenta in acquiring a thorough knowledge of thia irapor- 
t sabjecl. Tbe seuCian od the teptli hae ulao be«n 
esjieoially prepared to meat tbe reqnireruents of Btudents 
of Dentiatry. 

In it» praparation. Gi'ay'» Anatomy [lust edition], 
edited by Knen, bamg the unatouical work most used, hae 
been t^eii as the standard. 



students, snfficient de- 
,0 the busy pnuititioner, 
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In PtM ÜDfai Odaeo Volvmet of about 500 pagei each, boitnd in Cloth and HiufSt'^Jtia, 

ifoffnificentty lUtutratitd viith ChTomo-Lilhagrapht, Engraitiruis. 

Maps, Charit, anil Diagramt. 

BEING INXENI>E»=^ 

tat. To asBuit the basy practitionar m liis etforis tu keef> ahreswit of the r^iid strides 
of uU Qie branches of bis profeaaion. 

tii. To avoid for him the loss of Umo iuTolved in aearuhing for that which la new la 
Hie profoae and conEtaatly increaaiog medical literature of our day. 

M. To enable him to obtain the greatest poBsibla benefit of the limited time be is 
a.hli' to devote to reading, by fdroisbing liim witli new matter OSLT, 

4th. To keep bim informed of the work done by all nationa, including many othor- 
wiMi aaldom if ayer heard from. 

Sth. To fuinitih him with a leview of all the new matter contained in tliB perinjicxls 
to wjiicb ba cannot (tbtough tiieir immense number} »nbacribe. 

6lh. To cnll for the specialist nil that is of a progressive nature in the general and 
sf«cia! publications of all nations, and obtain for bim special reports from iwuntri'« in 
which such pnbliaations do not exist, and 

IjWtly, to enable any physician En |iOÄKess, at a moderate i-nst, ;i completi: 

OOiTTEUFOfiAfi? mSTOST 07 ITHITEBSAL UECICIHE, 
editied by many of Ainerica'a ablest teachers, and superior in every detail, of print, paper, 
binding, etc,, eW,, a bafittiug continuation of such great works a» " Peppers System of 
Medicine," "Ashhurst's Tnlflrnational Eneyclopsadia of Snrgery." " Buck's Referen'^ 
Han^i-Bofik of Ibn Modicel Sfien.™," et,' , etc, 

IDITOKIAL STAFF of the ANNUAL of tbe UNIVERSAL MEDICAL SCIENCES. 
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Hisinlogy, and Embryology. 

Pnf. TboOftlillm PtfiTin, Philula- G'inJell. FhlliMJalptilE. Hpwfil], BvlUinDH, 

rrrf. Lmu flbur, I'TiilndeliJtliL Prof. E. C. DudlflT, Ch^n. ^r. Chun. S. U>iLQt. Bd«T4>b- 

Tolumd H.^-Diseases oj' the Re^iraiory, Oircalalory, Digestive, and Nenioui Sf/itfint; 
Fivers, Ezant/iemaia, etc., ric. 

Pnf. A, L. Lwmii, Ne« y«k aa. I Prof. E. C. Bwili, Niw Torb Citr. ; PraT )u. TTm, PtiUivlelFlils. 

PR«. Jh. T, WKIttnker, CinduuEL PraL E. C. afiuk^ Ntw Tcrll Clir. I>n>f, K. B. tU.rU. Cblngs. 

l'rril.w:w".JoiM^'.wiuSl<ra. PhUad>1phiL " " ■ ■ ■ Dj, j«, c. WUkb, Phnid.[i)lita/ 
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Volume m.^ffcncral Surgery, Venereal IHieaea, Anastheiies. Siiri/ica' Drcssingt. 
Dieietice, ele., etc. 
PRif. D. HnH Aniw, PblUdalphlL I Pnf. F. R. BUnria, Nan Tork CftT. PnC T. Q.KdRou uul Dr. Wn, &«■[. 
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P»f, R. L. Kim N" York &,. 

Volume rV. — Ophlkalmology, Otoliyy, Larijngology. Rhinalogy, Dermatology . Deiiiixlry^ 
Hygiene, Ditposal oj the Dead, etc., etc. 




JubnB.BunllUB.'WiiitiiiigHni. Dr. Bdw. C. Kirk. PhilndslDUa. 
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THE STTESCE-IETTIO^Sr E»I?.ICE 

(licludln^ the ■'SATELLITE- far one yairl. 

Cloth, 6 7ols., BD7al Octavo, - - slS.OO «16.50 £3.6b. 93 fr. 96 

E&lf-&Qsaia, SVok.SojalOctaTC, - 20.00 22.00 16a. 111». 35 

EXTRACTS FROM REUIEWS. 

We venture to aay that »11 wlio saw the Ahnual aa iL appeared ra 1888 were on the 
löükoQtfor its reappearance this (1889) year; but there are many whose koowiedge of this 
magnificeot nudertftking will data with ihi« preeent issue, and to those a mere eianaina- 
tLoa of the work wiU suffice to ebrtw that it Bllfi a legitimate jAace in the evolation of 
knowledge, foi it does what no Bingle individual is capable of doing. 

These vdlumes make readily awailable to the htm practitioner the beet frnils of 
ruedloa] progre&t for the year, selected by able editors from the current literature of the 
world; such a work cannot be overlooked by anyone who would keep abreaet of the 
tiniBB, With Bo much ihat is worlhy of notice incorporated in one work, and each depart- 
ment ifritten up witli a mlnutenees and Choi^oughness appreciated particularly by the 
sneeialiBt, it would ftvail nothing to cite particular instances of progreus. Let it be BUffi- 
cieiit to aay, however, that while formerly there was a poaaihie siciibb for not having the 
latest iaforination on matters pertaining t« the medical science«, ikere can no longer be 
BQch an eieoae while the Ashual is published, — Journal of the American MtiHeal 
Aemdaiion. 

We have before tu the eeoond issue of this Ahnüal, and it is not speaking tuo 
strongly when we say Hiat the saries of .five voluraea of which it consiata forms a most 
important and viiluame addition to medical literature. 

Oreat diaoration and knowledge of the sobjects treated of are required at the hands 
oi' those who have taken charge of the various aectiuns, and the manner in which the 

fntlemen who were chosen to fill the important posts of sub-editors have acquitted 
emeelves fiilly justifies the choice made, we know of no branch of the profession to 
which this AbkitAI. could liiil to ba useful. Dr. Sajons deserves the thanks of the whole 
profession for his encceaaful attempt to facilitate the advance of medical literature and 
pracliiie. — London Lancet. 

This very valuable yearly report of the .process of medicine and ita collateral 
sciences throughout the world is a work of very great magnitude and high importance. 
It ia edited by Dr. C E. Sajons, assisted, it is atated, by seventy aasociate editors, whose 
iiiimes are given, making up a learned and mo^t weighty list. Their joint labors have 
combined io produce a ssri« of volumes in which &ß current progress throughout iha 
world, in respect to all the hranchea of medical science, ia very adei^uatsly represented. 
The general arrangements of the book are ingenious and completa, having regard to 
tlioroughnesB and to facility of bibliographical reference.— firifiaA MtdieaX Journal. 
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ANNUAL, 1890. 

The editor and publishers of the AsmiAL of the Univkbsal 
MlDiCAi SaENCEStake this opportunity to thank its numerouB friends 
and patrons for the liberal support accorded it in the past, and to 
annonnce its publication, as usual, in 1890. Recording, as it does, the 
progress of the 'world in medicine and surgery, its motto continues to 
be, as in the past,," Improvement," and its friends may rest assured that 
no elfort will be spared, not only to maintain, but to surpass, the high 
standard of excellence already attained. 

The Subscription Price will be the same as last year's issue and 
the issue of 1888. 
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if. Thsophiliis Parviu, P 
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lliH Luiiy?, Dispji-iw ijf tbe Heuil, Difieaaee of the Oftatru- 
Keputic &y>'<eBi, Diaeiisfa of tbe Icleatinea, Intestiaäl EntoEoa, DiseaaeB of 
[lis Kidaeyfl and Bladder, Ji'uvers, Feyera in Children, Diphtheria, Hheu- 
inatiam and Gout, Diabetes, Volume Index. 

Prof. Ju. T. Whittnkei. Clndimiiii. I Dr. Jai. C. WLImhi, PhilidclphlD. 

Frot.A.h. [.ooini^. New York Oiy. Prof. LouisSliirr, Phlladelpliiii. 

Prof. E. T Hrudn, PhJUdcIphlR. Prof. I. Le^iSmiih, N» York. 

Prof. W. W. JohnsioB, WmhingloB. i Prof. N. S. Davl., Chicago, 

lit. L. EmmcK Holt. New VoA. I Prof. lu. Tyion, Pbiliidelphla. 

Prof. JM. L=idy. PhllBdelphla, | 

VcAume n. — Dineaaes uf th» Brain and Cord, Feripheral Nervous System, lilental 
Diaeasea, Inebriety, Diseasa» of the Uterus, DiseaeeB of the Ovaries, DiBeuei) 
of tbe External Genitals in Womeu, Diaeasea of Pregnanuy, Obatetrios, Bie- 
enaes of tlie Hewbom, Dietetics of Infancy, Growth, Volume index. 

Praf. E.C.ScgulD, New York City. - - -- 

Prof, Hrary iTun, Albany. 

Dr. E. N. tlnsh, Phlladdphla. 

Dr. W. H. Birdsall, Sw York. ._ . . _ 

Prof. Paiil K. Mund*, New York City. Prof. LdbU Starr, Philaddphm 

P«jf. Wm, Goodcll, PhlLadelphia. Dr. Chas. S-Mluot, Boston. 

Dr. W. C. Goudell, FbllsdelphJa. | 
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